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© An operation apparatus for a vehicle automatic 
transmission mechanism Includes first and second 
actuators {22A. 22B). connected in parallel with a 
hydraulic valve (16), for driving the hydraulic valve 
(16) to switch a travel range of an automatic trans- 
mission mechanism (12). a control unit (30) for con- 
trolling the first and second actuators (22A, 22B), 
and a transmission operation unit (10) for outputting 
a range signal indicating a presently set travel range 
to the control unit (30). The transmission operation 
unit (10) includes a stroke contact type operation 
switch (18) on which travel ranges to be set are 
sequentially aligned along a predetermined path. 
The control unit (30) includes a first CPU (30A), 
connected to the first actuator (22A). for controlling a 
driving operation of the first actuator, a second CPU 



(30B). connected to the second actuator (22B). for 
controlling a driving operation of the second ac- 
tuator, and a third CPU {30C). connected to the first 
and second CPUs (30A, 30B), for setting, in a driving 
state, one of the first and second actuators (22A, 
22B) connected to one of the first and second CPUs 
(30A, 30B), which CPU serves as a main unit, for 
monitoring system failed states of the first and sec- 
ond CPUs, for, when the third CPU determines that a 
system failed state occurs, inhibiting the driving op- 
eration of the actuator (22A, 22B) connected to the 
system-failed CPU, and for permitting the driving 
operation of the actuator (22A. 22B) connected to 
the CPU which does not suffer from the system 
failed state. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an operation 
apparatus for a vehicle automatic transmission 
mechanism, which apparatus comprises an actu- 
ator for driving a hydraulic valve for switching a 
travel range of the automatic transmission mecha- 
nism, a control means for controlling the actuator, 
and a transmission operation means for outputting 
a transmission switching command to the control 
means* 

In general, an operation apparatus for a vehicle 
automatic transmission mechanism comprises a 
select lever as a transmission operation means, 
which is directly mechanically connected to a hy- 
draulic valve for switching a travel range of the 
automatic transmission mechanism, and is moved 
by a hand of a driver. The driver moves this select 
lever to a desired travel range position to switch a 
valve position of the hydraulic valve, thereby se- 
lecting a desired travel range. 

in a manual operation apparatus of this type, 
since the select lever and the hydraulic valve are 
directly mechanically connected via an arm, a link, 
and the like, a strong operation force is required to 
move the select lever. Therefore, demand has aris- 
en for an operation apparatus which requires only a 
light operation force. 

In order to meet this demand, in recent years, 
as described in. e.g.. Japanese Patent Publication 
No. 63-37729. In a vehicle automatic transmission 
mechanism for controlling a hydraulic valve in a 
transmission by a wire coupled to the hydraulic 
valve to switch a travel range, a motorized range 
switching apparatus, which drives the wire using a 
driving motor, and operates this driving motor upon 
operation of an electrical switch, has been pro- 
posed. According to the motorized range switching 
apparatus, a driver need only operate the electrical 
switch to switch a travel range via the driving 
motor. Thus, the driver can operate the electrical 
switch with a light operation force to instruct to 
switch a travel range, 

A conventional motorized range switching ap- 
paratus of this type, however, is controlled to cause 
a travel range position instructed by the electrical 
switch to precisely coincide with a travel range in 
the automatic transmission mechanism. For this 
reason, even when a malfunction or a system failed 
state wherein a control sequence runs away occurs 
in a control unit for making this control operation, a 
fail-safe mechanism capable of safely traveling a 
vehicle is required to reliably operate. 

SUMMARY OF THE INVENTION 

The present invention has been made in con- 
sideration of the above situation, and has as its 
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object to provide an operation apparatus for a 
vehicle automatic transmission mechanism, which 
can safely travel a vehicle even when a system 
failed state occurs in a control unit. 

5 In order to achieve the above object, an opera- 

tion apparatus for a vehicle automatic transmission 
mechanism according to the present invention 
comprises first and second actuators, connected in 
parallel with a hydraulic valve, for driving the hy- 

10 draulic valve to switch a travel range of an auto* 
matic transmission mechanism, control means for 
controlling the first and second actuators, and 
transmission operation means for outputting a 
range signal indicating a presently set travel range 

15 to the control means, and wherein the transmission 
operation means includes a stroke contact type 
operation switch on which travel ranges to be set 
are sequentially aligned along a predetermined 
path, and the control means includes a first control 

20 unit, connected to the first actuator, for controlling a 
driving operation of the first actuator, a second 
control unit, connected to the second actuator, for 
controlling a driving operation of the second ac- 
tuator, and a third control unit connected to the 

25 first and second control units, for setting, in a 
driving state, one of the first and second actuators 
connected to one of the first and second control 
units, which unit serves as a main unit, for monitor- 
ing system failed states of the first and second 

30 control units, for, when the third control unit deter- 
mines that a system failed state occurs, inhibiting 
the driving operation of the actuator connected to 
the system-failed control unit, and for permitting 
the driving operation of the actuator connected to 

35 the control unit which does not suffer from the 
system failed state. 

In the operation apparatus for the automatic 
transmission mechanism according to the present 
invention, the first and second control units have 

40 the same control sequence. 

In the operation apparatus for the automatic 
transmission mechanism according to the present 
invention, the first and second control units monitor 
a system failed state of the third control unit, and 

45 inhibits a control operation of the third control unit 
when it is determined that the third control unit 
system-fails. 

In the operation apparatus for the automatic 
transmission mechanism according to the present 

50 invention, the control operation of the third control 
unit is inhibited only when both the first and sec- 
ond control units determine that the third control 
unit system-fails. 

In the operation apparatus for the automatic 

55 transmission mechanism according to the present 
invention, when each of the first to third contro* 
units determines that the other control unit system- 
fails, the control unit which detects the system 
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failed state informs to a driver that the system 
failed state occurs. 

In the operation apparatus for the automatic 
transmission mechanism according to the present 
invention, the third control unit sets both the first 
and second actuators in a driving state when it 
determines that a travel range set in the automatic 
transmission mechanism is a parking range. 

In the operation apparatus for the automatic 
transmission mechanism according to the present 
Invention, the first and second actuators are con- 
nected to the hydraulic valve via a planetary gear 
mechanism. 

in the operation apparatus for the automatic 
transmission mechanism according to the present 
invention, the first actuator is connected to a planet 
carrier of the planetary gear mechanism to rotate 
the planet carrier, the second actuator is connected 
to a sun gear of the planetary gear mechanism to 
rotate the sun gear, and an internal gear of the 
planetary gear mechanism is connected to the hy- 
draulic valve. 

In the operation apparatus for the automatic 
transmission mechanism according to the present 
invention, the first actuator is connected to the 
planet carrier via a rack & pinion mechanism, and 
the second actuator ts connected to the sun gear 
via another rack & pinion mechanism. 

An operation apparatus for a vehicle automatic 
transmission mechanism according to the present 
invention, comprises a pair of actuators, connected 
in parallel with a hydraulic valve, for driving the 
hydraulic valve to switch a travel range of an auto- 
matic transmission mechanism, control means for 
controlling the pair of actuators, and transmission 
operation means for outputting a range signal in- 
dicating a presently set travel range to the control 
means, wherein the transmission operation means 
includes a stroke contact type operation switch on 
which travel ranges to be set are sequentially 
aligned along a predetermined path, and the con- 
trol means includes a pair of control units, one 
control unit controlling a driving operation of the 
hydraulic valve via the corresponding actuator, 
each control unit monitoring a system failed state 
of the other control unit, and when one control unit 
determines that the other control unit system-fails, 
the one control unit inhibiting the driving operation 
of the actuator connected to the system-failed con- 
trol unit, and executing a control operation. 

An operation apparatus for a vehicle automatic 
transmission mechanism according to the present 
Invention, comprises an actuator for driving a hy- 
draulic valve to switch a travel range of an auto- 
matic transmission mechanism, control means for 
controlflng the actuator, and transmission operation 
means for outputting a range signal indicating a 
presently set travel range to the control means, and 
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wherein the transmission operation means includes 
a stroke contact type operation switch on which 
travel ranges to be set are sequentially aligned 
along a predetermined path, and the control means 

5 comprises at least three control units, the control 
units executing the same control sequence, and 
when an output from one control unit is different 
from outputs from the remaining control units, the 
actuator being driven by the outputs from the re- 

10 maining actuators. 

Since the operation apparatus for the vehicle 
automatic transmission mechanism according to 
the present invention is arranged as described 
above, if it is determined that one of a plurality of 

75 control units system-fails, a driving operation of an 
actuator connected to the system-failed control unit 
is inhibited, and an actuator connected to a control 
unit which does not suffer from a system failed 
state is driven, in this manner, a fail-safe mecha- 

20 nism against a system failed state can be reliably 
attained. 

Other features and advantages of the present 
invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
25 ing drawings, in which like reference characters 
designate the same or similar parts throughout the 
figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
30 Fig. 1 is a schematic diagram showing an ar- 
rangement of a motorized travel range switching 
apparatus to which an embodiment of an opera- 
tion apparatus for a vehicle automatic transmis- 
sion mechanism according to the present inven- 
ts tion is applied: 

Fig. 2A is a diagram showing connection states 
among an operation switch, an inhibitor switch, 
and a control unit shown in Rg. 1 ; 
Fig. 2B is a plan view showing a structure of a 
40 select switch: 

Rg. 20 is a view showing formation ranges of 
contacts of an indication inhibitor switch, a con- 
trol inhibitor switch, and a hydraulic switch in the 
select switch, and a receiving zone in a detent 
45 recess portion: 

Rg. 2D is a view for explaining a pivot state of a 
switching member, and a fitting state of a ball 
into a corresponding detent recess portion ac- 
cording to the pivot state: 
50 Rg. 2E is a side view showing a structure of a 
planetary gear mechanism from which first and 
second worm wheels are removed: 
Rg. 2F is a partially cutaway front view of the 
structure of the planetary gear mechanism: 
55 Rg. 3 is a perspective view showing arranging 
positions of an operation switch and a manual 
driving mechanism in a passenger room: 
Rg. 4 is a front view of an arranging state of the 
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operation switch when viewed from a driver who 
seats at a driver's seat; 

Rg. 5 is a side x/tew showing an anranging state 
of the operation switch when viewed from a left 
side position; s 
Rg. 6 is a perspective view showing an outer 
appearance of the operation switch; 
Rg. 7 is a sectional view showing an internal 
staicture of the operation switch together with a 
formation pattern of a guide groove; io 
Rg. 8 is a sectional view showing a shape in a 
direction of depth of the guide groove formed in 
a mounting ring; 

Rg. 9 is a sectional view showing push-in states 
of a guide pin; 'S 
Fig. 10 is a graph showing a difference in opera- 
tion force of the operation switch when a travel 
range is switched; 

Figs. 11 and 12 are respectively a perspective 
view and a side view showing an arranging state so 
of the operation switch; 

Rg. 13 is a side view for explaining a set 

position of a reverse range; 

Fig. 14 is a side view for explaining a state 

wherein an operator draws up his or her left 25 

knee; 

Fig. 15 is a side view showing a positional 
relationship between a steering wheel and the 
operation switch when a telescopic mechanism 
or a tilt mechanism works; 30 
Fig. 16 is a schematic diagram showing an 
arrangement of a signal generation mechanism 
in the operation switch; 

Rg. 17A is a block diagram showing in detail a 
connection state between the operation switch 35 
and the control unit; 

Rg. 17B is a view showing the relationship be- 
tween a formation range of a detent hole in the 
operation switch and a formation range of a 
contact for outputting an electrical signal indicat- 40 
ing a travel range position; 
Fig. 17C is a block diagram showing a connec- 
tion state among first to third CPUs in the con- 
trol unit; 

Rg. 17D is a circuit diagram showing an ar- 45 
rangement of a motor driver; 
Rg. ISA is a timing chart showing an order of 
changes in output levels from first and second 
output terminals when the operation switch is 
rotated in a forward direction; so 
Rg. 1 SB is a timing chart showing an order of 
changes in output levels from first and second 
output terminals when the operation switch is 
rotated in a reverse direction; 

Rgs. 19A and 19B are flow charts showing a 55 
control sequence of a main routine in the third 
CPU: 

Figs. 20A and 20B are flow charts showing a 



control sequence of a main routine in the first 
CPU; 

Fig. 21 is a flow chart showing a control se- 
quence of a degeneration control subroutine; 
Fig. 22A is a flow chart showing a control se- 
quence of a fail judgment signal output opera- 
tion subroutine: 

Fig. 22B is a timing chart showing a signal 
waveform of a system fail judgment signal; 
Fig. 23 is a flow chart showing a control se- 
quence of a system fail judgment operation sub- 
routine; 

Fig. 24A is a flow chart showing a control se- 
quence of a stop control subroutine in the main 
routine of the first CPU; 

Fig. 248 is a view for explaining a stop opera- 
tion of a driving motor: 

Rg. 25A is a flow chart showing a control se- 
' quence of a learning control subroutine in the 
main routine; 

Rg. 258 is a timing chart for explaining a defini- 
tion of a duty ratio in duty control of the driving 
motor; 

Rg. 26 is a flow chart showing a sequence of a 

first intenrupt routine in the CPU; 

Fig. 27 is a flow chart showing a sequence of a 

second interrupt routine in tiie CPU; 

Rg. 28 is a flow chart showing a sequence of a 

first fail judgment operation subroutine in the 

CPU; 

Fig. 29 is a flow chart showing a sequence of a 
second fail judgment operation subroutine in the 
CPU; and 

Figs. 30 to 33 are flow charts showing se- 
quences of first to fourth timer interrupt routines 
in the CPU, respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

An arrangement of an embodiment of an op- 
eration apparatus for a vehicle automatic transmis- 
sion mechanism according to the present invention 
wilt be described in detail below with reference to 
the accompanying drawings. 

An operation apparatus 1 0 of this embodiment 
is arranged so that a travel range of an automatic 
transmission mechanism 12 can be switched with a 
light operation force by utilizing an electric motor. 
The automatic transmission mechanism 12 trans- 
mits a driving force of an engine 14 to driving 
wheels (front wheels (not shown) in this embodi- 
ment). Since the automatic transmission mecha- 
nism 12 is of a conventional type which comprises 
a hydraulic valve 16 for switching a travel range, 
and its arrangement is known to those who are 
skilled in the art. a description thereof will be 
omitted herein. 

The operation apparatus 10 of this emtx)diment 
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comprises a motorized travel range switching ap- 
paratus (to be simply referred to as a range switch- 
ing apparatus hereinafter) 20 for driving the above- 
mentioned hydraulic valve 16 by an electric motor 
in accordance with an operation of an operation 
switch (its detailed arrangement and mounting state 
will be described in detail later) 18 as the char- 
acteristic feature of the present invention, thereby 
switching a travel range. The range switching ap- 
paratus 20 comprises driving motors 22A and 22B 
as two reversible DC motors, a planetary gear 
mechanism 23 (its arrangement will be described 
in detail later) for simultaneously receiving driving 
forces from the two driving motors 22A and 22B or 
independently receiving a driving force from the 
driving motor 22A or 22B. a rotational arm 26 fixed 
to an output shaft 24 of the planetary gear mecha- 
nism 23, and having a predetermined radius, a 
coupling rod 28 for coupling the distal end of the 
rotational arm 26 and the distal end of a switching 
rod 16a of the hydraulic valve 16, and a control unit 
30 for controlling driving states of the driving mo- 
tors 22A and 228 in accordance with a range 
scotching command output from the operation 
switch 18. The above-mentioned coupling rod 28 Is 
connected to the distal end of the switching rod 
16a which is pivotally and axially supported on the 
hydraulic valve 16, and switches a travel range in 
accordance with its pivot position. 

The above-mentioned control unit 30 com- 
prises three, i.e., first to third CPUs 30A. 308. and 
30C, as shown in Fig. 1. More specifically, this 
control unit 30 has so-called triple control systems. 
Control sequences of these CPUs 30A. 308. and 
30C will be described in detail later. The first CPU 
30A is arranged to drive the first driving motor 22A. 
The second CPU 308 is arranged to drive the 
second driving motor 228. The third CPU 30C is 
arranged to regulate the mutual relationship be- 
tween the control operations of the first and second 
CPUs 30A and 308. and define the first CPU 30A 
as a main CPU and the second CPU 308 as a sub 
CPU, so that when the control operation of the first 
CPU 30A as the main CPU fails, e.g.. runs away, 
the third CPU 30C stops the driving operation of 
the first driving motor 22A by the first CPU. and 
switches the control operation to that of the second 
CPU 308 as the sub CPU, thereby attaining a fail- 
safe operation. 

The above-mentioned automatic transmission 
mechanism 12 comprises a select switch 32 which 
is switched by a driving force output from the 
output shaft 24 of the planetary gear mechanism 
23. as shown in Rg. 2A. The select switch 32 is 
constituted by an indication inhibitor switch 32 for 
indicating a switched travel range state in accor- 
dance with a travel range switching state by the 
hydraulic valve 16. and a control inhibitor switch 
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32b for Instructing drive/stop periods of the cor- 
responding driving motors 22A and 228. 

In other words, the select switch 32 comprises 
a switch main body 32d. and a sectorial-shaped 

5 switching member 32e mounted to be rotated in- 
tegrally with the switching rod 16a of the above- 
mentioned hydraulic valve 16. Contacts Hp, Hr, Hn, 
Ho* Hz, and Hi corresponding to travel ranges of 
the above-mentioned indication inhibitor switch 

10 32a, and contacts Sp, Sr. Sn, So* S2, and Si 
corresponding to travel ranges of the control inhibi- 
tor switch 32b are arranged on the surface of the 
switch main body 32d. 

Upon a pivotal movement of the switching 

IS member 32e which is switched in accordance with 
an output from the planetary gear mechanism 23, 
the switch main body 32d is brought intc selective 
contact with the contacts corresponding to the se- 
lected travel range on the indication and control 

20 inhibitor switches 32a and 32b. 

The structure of the select switch 32 in the 
automatic transmission mechanism 12 will be de- 
scribed below with reference to Rgs. 28 to 2D. 
The select switch 32 comprises a detent 

25 mechanism 33 for predsely and mechanically de- 
fining stop positions by the driving motors 22A and 
228 in the automatic transmission mechanism 12 
at a corresponding travel range position, as shown 
in Fig. 28. The detent mechanism 33 comprises six 

30 recess portions 33a, 33b, 33c. 33d. 33e. and 33f 
continuously formed in an arcuated end face of the 
sectorial-shaped switching member 32e. These re- 
cess portions 33a, 33b, 33c. 33d, 33e, and 33f are 
formed at equal angular intervals along the ar- 

35 cuated surface, and are set in correspondence with 
six travel ranges. i.e., a parking range "P", a re- 
verse range "R", a neutral range "N", a forward 
drive range "D", a forward 2nd-speed range "2". 
and a forward 1st-speed range "1", respectively. 

40 Although not shown, separation angles for defining 
intervals of these recess portions 33a, 33b, 33c. 
33d. 33e. and 33f are set in the same manner as 
separation angles for defining intervals of six travel 
range positions defined in the hydraulic valve 16. 

45 A thick portion 33g is integrally formed on the 

upper surface of the above-mentioned switch main 
body 32d to oppose the arcuated end face of the 
switching member 32e. A through hole 33h is 
formed at a position of the thick portion 33g, which 

50 can oppose one of the above-mentioned six recess 
portions 33a. 33b. 33c, 33d, 33e, and 33f, along an 
axis passing the center of rotation of the switching 
member 32e. A ball 33i which can be fitted in one 
of the recess portions 33a. 33b. 33c. 33d. 33e. and 

55 33f, which is pivoted to a position opposing the 
hole, a coil spring 33j for biasing the ball 33i to 
project outwardly, and a plug 33k for closing an 
end portion of the through hole 33h opposite to the 

6 
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side of the ball 33i are arranged In the through hole 
33h. 

Since the detent mechanism 33 Is arranged in 
this manner, the switching member 32e, and the 
switching rod 16a of the hydraulic valve 16 co- s 
axially mounted on the member 32e are stopped at 
each travel range position in a mechanically re- 
strained state. In other words, since the detent 
mechanism 33 is arranged in this manner, the 
switching member 32e, and the switching rod 16a io 
of the hydraulic valve 16 coaxially mounted on the 
member 32e comprise a predetermined receiving 
zone E before and after a position for defining each 
travel range. More specifically, as shown in (e) in 
Fig. 2C, the above-mentioned receiving zones E 75 
are formed about the most recessed portions of the 
corresponding recess portions 33a, 33b, 33c, 33d. 
33e. and 33f at the respective travel range posi- 
tions. 

On the other hand, in the above-mentioned 20 
select switch 32, two slidable brushes 32f and 32g 
are mounted on the rear surface of the switching 
member 32e to be able to be in contact with the 
contacts of the two switches, i.e.. the Indication and 
control inhibitor switches 32a and 32b formed on 25 
the surface of the switch main body 32d. as shown 
in (b) and (c) in Fig. 2C. Note that each travel 
range position is defined as a zone between two 
adjacent peak portions (projecting portions) for de- 
fining the corresponding recess portion, as indi- 30 
cated by symbol F in (a) of Hg. 2C. 

Each of the contacts of these indication and 
control inhibitor switches 32a and 32b is formed to 
extend over a predetermined zone along a pivot 
direction of the switching member 32e. and its 35 
central position is set to coincide with a central 
point CP of the corresponding travel range position. 
Each of the contacts Hp. Hr, Hn. Hd. H2. and Hi of 
the indication inhibitor switch 32a is formed to 
extend over substantially the entire zone of each 40 
travel range indicated by symbol E. Each of the 
contacts Sp. Sr. Sn. So. S2. and Si, of the control 
inhibitor switch 32b is formed to have a narrowest 
zone. 

As shown below the contact of the control 45 
inhibitor switch 32b in Rg. 2C. hydraulic pressure 
generation regions Yp, Yr, Yn, Yq. Y2, and Yi are 
defined on the hydraulic valve 16 in con-espon- 
dence with the contacts Hp. Hr. Hw, Hq, Hz. and Hi 
of the indication inhibitor switch 32a. and the con- so 
tacts Sp. Sr, Sn. So. S2. and Si of the control 
inhibitor switch 32b. Each of these hydraulic pres- 
sure generation regions Yp, Yr. Yn. Yq, Y2, and Yi 
is formed to have a zone larger than the anranging 
zone of each contact of the control inhibitor switch 55 
32b. and smaller than the arranging zone of each 
contact of the indication inhibitor switch 32a. 

Each contact of the control inhibitor switch 32a. 
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which has the narrowest arranging zone, is formed 
to be larger than the above-mentioned receiving 
zone E. as can be seen from (e) in Rg. 2C. In other 
words.- when the bad 331 is fitted in this receiving 
zone E, the corresponding travel range can be 
reliably defined in a mechanically restrained state. 
When the travel range Is defined In the mechani- 
cally restrained state, an indication inhibitor signal 
can be output from the indication inhibitor switch 
32a. a control inhibitor signal can be output from 
the control inhibitor switch 32b, and a predeter- 
mined hydraulic pressure can be generated in the 
hydraulic valve 16. in this manner, predetermined 
signals can be reliably output from the select 
switch 32 to the control unit 30. 

As shown in Rg. 1. in the above-mentioned 
planetary gear mechanism 23. a clutch mechanism 
34 is coupled to the output shaft 24. The clutch 
mechanism 34 is engaged/disengaged under the 
control of the above-mentioned control unit 30. 
More specifically, in a normal state, the control unit 
30 maintains an engaging state of the clutch 
mechanism 34, so that the automatic transmission 
mechanism 12 is driven by the driving motors 22A 
and 22B. As will be described later, when it is 
determined that a switching control operation in the 
control unit 30 fails, the control unit 30 disengages 
the clutch mechanism 34 as a fail-safe operation, 
so that the automatic transmission mechanism 12 
cannot be driven by the driving motors 22A and 
22B. 

As shown in Rg. 2A. rotary encoders 36A and 
36B are respectively connected to the driving mo- 
tors 22A and 22B, thereby always detecting driving 
amounts of the corresponding motors 22A arid 
22B. These rotary encoders 36A and 36B are re- 
spectively connected to the first and second CPUs 
30A and 30B of the control unit 30. and output 
detection results thereto. Upon reception of output 
results from the corresponding rotary encoders 36A 
and 36B, the CPUs 30A and 30B recognize the 
driving amounts of the corresponding driving mo- 
tors 22A and 22B, in other words, a pivot position 
of the rotational arm 26 via the planetary gear 
mechanism 23. 

As shown in Rg. 1. a manual driving mecha- 
nism 38 for manually switching the automatic trans- 
mission mechanism 12 when, for example, both the 
first and second CPUs 30A and 30B in the control 
unit 30 suffer from a system failed state, or when a 
control operation can no longer be executed due to 
a battery failure, is connected to the above-men- 
tioned range switching apparatus 20. The manual 
driving mechanism 38 comprises a pivot disc 40 
which is rotatable about a pivot axis parallel to the 
output shaft 24 described above, a pinion gear 42 
formed on the outer circumferential suriace of the 
pivot disc 40. a rack member 44 meshing with the 
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pinion gear 42. and a first auxiliary coupling wire 
46 for coupling the rack member 44 and the distal 
end of the rotational arnn 26. Note that the first 
auxiliary coupling wire 46 extends along an extend- 
ing direction of the coupling wire 28. and switches 
the hydraulic valve 16 when the pivot disc 40 is 
pivoted. 

A fitting hole 40a for receiving a wrench 48 as 
a slidable pivot member is formed in the central 
portion of the pivot disc 40. The pivot disc 40 can 
be manually pivoted to an arbitrary position via the 
wrench 48. Upon manual pivotal movement of the 
pivot disc 40, if the clutch mechanism 34 is in an 
engaging state, since the driving motors 22A and 
22B are connected to the planetary gear mecha- 
nism 23 via worm gears, as will be described later, 
the output shaft 24 is locked, and can no longer be 
rotated. For this reason, a switching lever 50 for 
mechanically disengaging the clutch mechanism 34 
is arranged, and is connected to the clutch mecha- 
nism 34 via a second auxiliary wire 52. More spe- 
clficaliy, when the switching lever 50 is at a control 
position, the clutch mechanism 34 is under the 
control of the control unit 30; when it is at a 
disengaging position, the clutch mechanism 34 is 
mechanically disengaged. 

As shown in Rg. 3, the manual driving mecha- 
nism 38 is arranged to be located just inside a 
central lower portion of a cowl panel lower portion 
54 for partitioning between a passenger room and 
an engine room. When a lid member 54a mounted 
on this portion Is detached, the pivot disc 40 can 
be exposed. 

In this manner, in a system failed state of the 
control unit 30 or in a battery failure state, a driver 
detaches this lid member 54a to access the man- 
ual driving mechanism 38. After the driver switches 
the switching lever 50 to the disengaging position, 
he or she pivots the pivot disc 40 using the wrench 
48, thereby directly and manually switching the 
automatic transmission mechanism 1 2. 

The stmcture of the planetary gear mechanism 
23 will be described below with reference to Figs. 
2E and 2F. 

As shown in Rg. 2E, the planetary gear 
mechanism 23 comprises a sun gear 23a on an 
outer circumferential surface at one end of which 
external teeth are fonmed. an intemal gear 23b 
which is coaxially and rotatably supported around 
the sun gear 23a, and on an inner circumferential 
surface of which intemal teeth are formed, a 
doughnut-like planet carrier 23d which is rotatably 
supported around an intermediate portion of the 
sun gear 23a via a bearing 23c (Fig. 2F). so as to 
be rotated coaxially with the sun gear 23a and the 
intemal gear 23b, and three planet gears 23e which 
are rotatably supported on the planet carrier 23d, 
and are simultaneously meshed with the sun gear 
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23a and the internal gear 23b. 

As shown in Fig. 2F, a first worm wheel 23f is 
coaxially fixed to the planet carrier 23d. A first 
worm gear 23g fixed to the driving shaft of the first 
5 driving motor 22A is meshed with the first worm 
wheel 23f, so that their axes of rotation are per- 
pendicular to each other. On the other hand, a 
second worm wheel 23h is coaxially fixed to the 
sun gear 23a. A second worm gear 23i fixed to the 
w driving shaft of the second driving motor 22B is 
meshed with the second worm wheel 23h. so that 
their axes of rotation are perpendicular to each 
other. The above-mentioned output shaft 24 is co- 
axially joined to the internal gear 23b. 
75 Since the planetary gear mechanism 23 is ar- 

ranged as described above, the planet carrier 23d 
and the sun gear 23a serve as two driving force 
input elements, and the internal gear 23b serves as 
one driving force output element. 
20 More specifically, when the first driving motor 

22A is set in a driving state, and the second driving 
motor 22B is set in a stop state, the sun gear 23a 
is kept in a fixed state via threadabie engagement 
between the second worm wheel 23h and the see- 
as ond worm gear 23i. In this manner, a driving force 
from the first driving motor 22A is transmitted to 
the output shaft 24 via the planet gears 23e and 
the internal gear 23b in turn. On the other hand, 
when the first driving motor 22A is set In a stop 
30 state, and the second driving motor 22B is set in a 
driving state, the planet carrier 23d is kept in a 
fixed state via threadabie engagement between the 
first worm wheel 23f and the first worm gear 23g. 
In this manner, a driving force from the second 
35 driving motor 228 is transmitted to the output shaft 
24 via the sun gear 23a. the planet gears 23e, and 
the internal gear 23b in turn. 

When both the first and second driving motors 
22A and 228 are set in a driving state, as can be 
40 seen from the above description, the output shaft 
24 is rotated at a rotational speed about twice a 
speed in a case wherein it is driven by one of the 
driving motors 22A and 228. In this case, the 
rotational directions of the first and second driving 
4S motors 22A and 228 are opposite to each other. 

In this manner, since the planetary gear 
mechanism 23 is used, one output shaft 24 can be 
rotated by one of the first and second driving 
motors 22A and 228, and can be simultaneously 
50 rotated by the driving motors 22A and 228. 

The operation switch 18 as a transmission op- 
eration means as the characteristic feature of the 
present invention for outputting a range switching 
command to the control unit 30 of tiie range 
55 switching apparatus 20 with the above-mentioned 
arrangement will be described below with reference 
to Fig. 3 and subsequent drawings. 

As shown in Rg. 3, the operation switch 18 is 

8 
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disposed on a left side surface of a steering col- 
umn 58 to which a steering wheel 56 is pivotally 
mounted in a passenger room, i.e., on a side 
opposite to a side of a direction indication lever 60 
and on the same side as a wiper operation lever 
62. The operation switch 18 comprises a so-called 
stroke contact type switch. More specifically, the 
operation switch 18 comprises a rotary switch 
which is mounted to be pivotal about a pivot shaft 
extending along a widthwise direction of a vehicle. 

An arranging position of the operation switch 
18 on the left side surface of the steering column 
58 is set so that when a driver who sits at the 
driver's seat sees a front side while gripping two 
side portions con-esponding to so-called 8 o'clock 
20 minute positions of the steering wheel 56 at a 
substantially neutral position (i.e., a position where 
a rotational angle = O' ) with his or her two hands, 
he or she can visually confirm the operation switch 
18 through a gap portion of the steering wheel 56. 
as shown in Fig. 4. The steering wheel 56 adopts a 
3-spoke type to guarantee good visual confirma- 
tion. More specifically, the steering wheel 56 com- 
prises three spokes 56a. 56b, and 56c extending 
along 3, 6. and 9 o'clock directions, respectively. 

The positional relationship between the opera- 
tion switch 18 and the wiper operation lever 62 is 
set as shown in Fig. 5. That is. the operation switch 
18 is arranged on a driver-side lower portion of the 
left side surface of the steering column 58, while 
the wiper operation lever 62 is arranged on a 
driver-side upper portion of the left side surface of 
the steering column 58. In other words, the wiper 
operation lever 62 and the operation switch 18 are 
disposed to be vertically separated from each other 
to have a central line C In a direction of height of 
the steering column 58 as a boundary. 

As shown in Fig. 6. the operation switch 18 
comprises an annular mounting ring 64 integrally 
fixed to the left side surface of the steering column 
58. a switch main body 66 which is axially sup- 
ported on the mounting ring 64 to be rotatable 
about an axis extending along the widthwise direc- 
tion of the vehicle, and is supported to be able to 
be pushed in along its axial direction, a finger 
operation portion 68 which is integrally formed to 
project radially outwardly from an outer circum- 
ferential surface of the switch main body 66 and to 
extend along the axial direction of the main body 
66. and a push-in section 70 which is integrally 
formed to stand upright on an edge portion of the 
finger operation portion 68 on the steering column 
58 side (i.e.. to extend along the circumferential 
direction of the main body 66). 

As can be seen from Rg. 6. a hold button 72 is 
disposed on the right edge <Fig. 6) of the front end 
face of the finger operation portion 68. and a mode 
switching button 74 for switching a switching mode 



of a travel range of the autonnatic transmission 
mechanism 12 is disposed on a deepest portion of 
the side surface of the push-in section 70. 

When the hold button 72 is not depressed, a 

5 normal shift change state is defined, and when the 
hold button 72 is depressed, the automatic trans- 
mission mechanism is fixed at the 3rd speed in the 
forward drive range, and is fixed at the 2nd speed 
in the forward 2nd-speed range. When the mode 

10 switching button 74 is not depressed, a travel 
range switching mode in the automatic transmis- 
sion mechanism 12 is set in a power mode 
(suitable for mountain path travel) which places an 
importance on tough travel feeling, and when it is 

IS depressed, the switching mode Is set in an econo- 
my mode (suitable for street travel) which places 
an importance on economy. 

On the other hand, alphanumeric letters "P" 
indicating the parking range, "R" indicating the 

20 reverse range, "N" indicating the neutral range. 
"D" indicating the fonward drive range. "2" indicat- 
ing the forward 2nd-speed range, and "1" indicat- 
ing the fon^rard Ist-speed range are sequentially 
drawn clockwise on the outer circumferential sur- 

25 face of the above-mentioned mounting ring 64. The 
operation switch 18 outputs a range switching com- 
mand for defining a travel range set according to a 
pivot position of the switch main body 66. More 
specifically, the range switching command is out- 

30 put to achieve a travel range expressed by the 
alphanumeric letter located just aside the finger 
operation portion 68. That is, the finger operation 
portion 68 also serves as an index for indicating 
the presently set travel range. 

35 As shown In Rg. 6. the alphanumeric letters 

"N", "D". "2". and "1" are sequentially aligned in a 
series state at equal small intervals di. However, 
the letter "R" Is aligned to be separated from the 
letter "N" by an inten/al 62 larger than the interval 

40 di, and the letter "P" is aligned to be separated 
from the letter "R" by the above-mentioned small 
interval di. The alphanumeric letters "N". "D". and 
"2" are arranged at positions where a driver who 
sits at the driver's seat can directly look at these 

45 letters to have the letter ""D" at the center when he 
or she sees forward, as shown in Rg. 4. In this 
manner, when a driver executes an operation for 
switching the travel range position among the neu- 
tral range "N". the iomard drive range "D". and 

50 the forward 2nd-speed range "2", he or she can 
read the alphanumeric letter "N", "D". or "2'' in- 
dicated by the finger operation portion 68 to in- 
stantaneously recognize which travel range is pres- 
ently set. Thus, a driver can switch the travel range 

55 without anxiety. 

As can be seen from Rg. 4, a driver cannot 
directly look at the letters "R" and "P". As will be 
described in detail later, when the switch mam 
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body 66 is merely pivoted, the travel range position 
cannot be shifted from the neutral range "N" to the 
reverse range "R", and the switch main body 66 
must be axlally pushed in to attain this shift opera- 
tion. As a result, in a state wherein the switch main 
body 66 is pivoted to desirably switch the travel 
range position among the neutral range "N", the 
drive range "D". and the forward 2nd-speed range 
"2", the reverse range "R" can never be set due to 
its mechanism. Since the driver cannot directly 
look at the letters "R" and "P". he or she can also 
receive as a mental security the fact that the travel 
range position will never be shifted from the neutral 
range "N" to the reverse range "R". Thus, the 
driver can desirably switch the travel range position 
among the neutral range "N". the drive range "D", 
and the forward 2nd-speed range "2" without anxi- 
ety. 

The internal structure of the operation switch 
1 8 will be described in detail below with reference 
to Figs, 7 to 10. 

As shown in Rg. 7, the switch main body 66 of 
the operation switch 18 comprises a shaft portion 
66b on which an outward flange portion 66a is 
integrally formed and which extends ialong the 
widthwise direction of the vehicle body. The shaft 
portion 66b is rotatably supported about its own 
central axis, and is inhibited from being axially 
moved. A contact rod 66c is mounted on the outer 
peripheral portion of the inward surface portion of 
the outward flange portion 66a to extend axially, 
i.e., to extend toward the surface of the steering 
column 58, 

Contacts Xp. Xr. Xn, Xq. X2. and Xi corre- 
sponding to the parking range "P". the reverse 
range "R". the neutral range "N". the forward drive 
range "D". the forward 2nd-speed range "2", and 
the forward Ist-speed range "1" are mounted on 
the surface portion facing the outer flange portion 
66a of Hhe steering column along a rotational path 
of the contact rod 66c to be able to be in contact 
with the contact rod 66c in the same manner as the 
select switch 32 described above. These contacts 
Xp. Xr. Xn. Xd. X2. and Xi are disposed at posi- 
tions according to the indication positions of the 
alphanumeric letters for respectively indicating the 
travel ranges drawn on the outer circumferential 
surface of the mounting ring 64. 

The contacts Xp. Xr. Xn. Xd. X2. and Xi are 
connected to the control unit 30. In this manner, 
the operation switch 18 outputs a con-esponding 
range switching command, to the control unit 30, 
from one of the contacts Xp. Xr. Xn, Xd, X2. and 
Xi. which is in contact with the contact rod 66c. 

The switch main body 66 also comprises a 
movable portion 66d which is axially movably ar- 
ranged on the shaft portion 66b. More specifically, 
an axial through hole 66e is formed in the movable 



portion 66d. and the shaft portion 66b extends 
outwardly through this through hole 66e, so that the 
movable portion 66d is movably supported along 
the extending direction of the shaft portion 66b. 

5 The above-mentioned finger operation portion 68 is 
integrally formed on the outer circumferential sur- 
face of the movable portion 66d. The inward edge 
portion of the movable portion 66d is formed to 
have a smaller diameter than that of its outward 

10 edge portion, and is stored in the above-mentioned 
ring-like mounting ring 64. 

A locking nut 66f for inhibiting outward move- 
ment of the movable portion 66d is threadably 
engaged with the outward edge portion of the shaft 

75 portion 66b. A coil spring 66g is interposed be- 
tween the movable portion 66d and the outward 
flange portion 66a. and the movable portion 66d is 
always biased outwardly by the biasing force of the 
coil spring 66g. Thus, the movable portion 66d is in 

20 contact with the above-mentioned locking nut 66f 
and is elastically held in position unless an external 
force is applied thereto. In this manner, the switch 
main body 66 is normally biased outwardly, and 
when the above-mentioned push-in section 70 is 

25 pushed axially inwardly, the switch main body 66 
can be pushed axially inwardly against the biasing 
force of the coil spring. 

A recess portion 66h for receiving the locking 
nut 66f described afcKDve is formed in the outer side 

30 surface of the movable portion 66d, and a blindfold 
plate 661 for closing the recess portion 66h to 
conceal the locking nut 66f is mounted. 

The operation switch 18 comprises a detent 
mechanism 76 for. when the travel range is 

35 switched by pivoting the switch main body 66. 
precisely locking the pivot position at a corre- 
sponding travel range position, and also comprises 
a regulation mechanism 78 for regulating switching 
operations from the neutral range "N" to the re- 

40 verse range •'R" and between the reverse range 
"R" and the parking range "P" so that these 
switching operations cannot be attained by merely 
rotating the switch main body 66 unless the switch 
main body 66 is pushed in axially inwardly. 

45 For the detent mechanism 76 and the regula- 
tion mechanism 78, the outward edge of the above- 
mentioned mounting ring 64 extends to substan- 
tially the middle of the small-diameter portion of 
the movable portion 66d. For this reason, this out- 

50 ward edge forms a gap G with an end face of a 
stepped portion for defining the large-diameter por- 
tion of the movable portion 66d. The axial length of 
the gap G is set to be slightly larger than an axial 
push-in amount of the movable portion 66d. as will 

55 be described later. The regulation mechanism 78 
comprises a guide groove 80 formed in the inner 
circumferential surface of the mounting ring 64. 
and one guide pin 82 which is elastically recipro- 

10 
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cally mounted on the movable portion 66d so that 
its outward edge portion is fitted in and guided 
along the guide groove 80. 

The guide groove 80 is formed to extend be- 
tween the forward 1st-speed range "1" and the 
parking range "P", as shown in Fig. 8. When the 
guide pin 82 is fitted in the guide groove 80, the 
switch main body 66 is inhibited from being pivot- 
ed beyond the forward 1st-speed range "1" and 
the parking range "P". The above-mentioned de- 
tent mechanism 76 has detent holes 76p. 76r. 76n. 
76o, 762. and 76i respectively corresponding to the 
parking range "P". the reverse range "R". the 
neutral range "N". the forward drive range "D". the 
fonward 2nd-speed range "2". and the forward 1st- 
speed range "1" on the bottom surface of the 
guide groove 80 on the basis of the above-men- 
tioned arranging relationship, as shown in Fig. 7. 
These detent holes 76p. 76r, 76n, 76o, 762. and 
76i are set to be located on one axis lo extending 
along the circumferential direction of the mounting 
ring 64. The bottom surface of each of the detent 
holes 76p. 76r. 76n. 76o. 762. and 76i Is set at a 
position entering radially outwardly from the inner 
circumferential surface of the mounting ring 64 by 
a first depth hi . as shown in Fig. 8. 

As shown in a lower portion of Rg. 7 in a state 
wherein a circumferential pattern is developed on a 
plane, the guide groove 80 is constituted in a 
continuous state by a linear groove portion 80a 
which is linearly formed to extend between the 
fonvard 2nd-speed range "2" and the neutral range 
"N" along the circumferential direction to. a first 
lateral groove portion 80b extending axially inward- 
ly from the neutral range "N" at the upper end of 
the linear groove portion 80a (i.e., perpendicular to 
the linear groove portion 80a), an oblique groove 
portion 80c obliquely extending from the inward 
end of the first lateral groove portion 80b to the 
reverse range "R" with respect to the circumferen- 
tial direction lo. a second lateral groove portion 
80d extending axially inwardly from the reverse 
range "R". a third lateral groove portion 80e ex- 
tending axially inwardly from the parking range 
"P", a first coupling groove portion 80f extending 
along the circumferential direction lo to couple the 
inward ends of the second and third lateral groove 
portions 80d and 80e, a fourth lateral groove por- 
tion 80g extending axially inwardly from the fon^ard 
2nd-speed range "2" at the lower end of the 
above-mentioned linear groove portion 80a, and a 
second coupling groove portion 80h extending from 
the inward end of the fourth lateral groove portion 
80g to the forward Ist-speed range "1" along the 
circumferential direction to. 

The extending lengths of the first to third lateral 
groove portions 80b. BOd. and 80e are respectively 
defined as an axial push*in amount of the above- 
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mentioned switch main body 66. and are set to be 
equal to each other. Since the guide groove 80 is 
constituted as described above, the travel range 
switching operation from the forward Ist-speed 

5 range "1" to the neutral range "N" and the travel 
range switching operation from the reverse range 
"R" toward the forward 2nd-speed range "2" can 
be executed by only one-step operation, i.e., pivot- 
ing the switch main body 66. However, the travel 

10 range switching operation from the neutral range 
"N" to the parking range "P". the travel range 
switching operation between the parking range "P" 
and the reverse range "R". and the travel range 
switching operation from the fonvard 2nd-speed 

IS range "2" to the forward Ist-speed range "1" re- 
quire two-step operations, i.e., must be executed 
by pivoting the switch main body 66 while the 
switch main body 66 is kept axially pushed in. 

As a result the travel range switching oper- 

20 ations from the neutral range "N" to the reverse 
range "R" and between the reverse range "R" and 
the parking range "P** cannot be performed by 
only a pivot operation of the switch main body 66, 
and these switching operations can be reliably pre- 

25 vented from being accidentally performed, thus as- 
suring a safety travel state. 

As shown in Fig. 8, the depth of the guide 
groove 80 from the inner circumferential surface of 
the mounting ring 64 between the forward 2nd- 

30 speed range "2" and the neutral range "N" is set 
to have a second depth h2 slightly smaller than the 
first depth hi for defining the depths of the above- 
mentioned detent holes 76p, 76r, 76n, 76d. 762, 
and 76i from the inner circumferential surface of 

35 the mounting ring 64. On the other hand, the depth 
of the guide groove 80 between the forward 2nd- 
speed range "2" and the forward Ist-speed range 
"1 " and the depth of the guide groove 80 between 
the neutral range "N" and the parking range "P" 

40 are set to have a third depth ha smaller than the 
above-mentioned second depth h2. 

As a result, as can be seen from Fig. 8. the 
substantial depth ( = hi - ha) of each of the detent 
holes 76i. 76p, and 76r corresponding to the for- 

45 ward 1st-speed range "1°. the reverse range "R". 
and the parking range "P" is larger than the sub- 
stantial depth (= hi - h2) of each of the detent 
holes 76n. 76o, and 762 corresponding to the neu- 
tral range "N". the fonward drive range "D", and 

50 the forward 2nd-speed range "2". 

In this manner, according to this embodiment, 
since the guide pin 82 is fitted in the corresponding 
detent hole 76 at each travel range set position, an 
operation stop position can be determined, and a 

55 driver can recognize a stop state of the switch 
main body 66 operated by himself or herself by a 
touch based on detent feeling. 

According to this embodiment, a rotation start- 

11 
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ing force necessary for starting pivotal movement 
of the switch main body 66 from a state wherein 
the forward Ist-speed range "1", the reverse range 
"R", or the parking range "P" is set is larger than a 
rotation starting force necessary for starting pivotal 
movement of the switch main body 66 from a state 
wherein the neutral range "N", the fonward drive 
range "D", or the forward 2nd-speed range is set. 
In other words, a driver can perform the travel 
range switching operation among the neutral range 
"N", the forward drive range "D". and the forward 
2nd-speed range "2" with a light pivot starting 
force. Meanwhile, when the driver switches the set 
state of the forward ist-speed range "i", the re- 
verse range "R". or the parking range "P" to 
another travel range, a strong pivot starting force is 
required to escape from the corresponding deep 
detent hole 76i, 76n, or 76p, thereby calling a 
driver's attention to whether or not this switching 
operation need be performed really. As a result, an 
erroneous operation can be prevented. 

The guide pin 82 to be fitted in the guide 
groove 80 is integrally formed by a pin main body 
82a whose projecting end portion has a round 
distal end, and an outward flange portion 82b 
formed at substantially the central portion in its 
axtai direction, as shown in Rg. 7. The guide pin 
82 is mounted in such a manner that its portion 
inwardly from the outward flange portion 82b is 
fitted in a recess portion 84 formed in the outer 
circumferential surface of the movable portion 66d. 
The recess portion 84 is defined by a recess main 
body 84a having a larger diameter than that of the 
outward flange portion 82b in its opening portion, 
and a small-diameter inward flange portion 84b 
which is formed at the ojDening portion of the 
recess main body 84a to just receive the outward 
flange portion 82b. More specifically, the recess 
portion 84 comprises a stepped hole having a 
small-diameter opening portion. 

The recess portion 84 stores a locking ring 86 
which is in contact with the above-mentioned 
stepped portion (i.e.. an inner end face of the 
inward flange portion 84b). and has a central open- 
ing for receiving a portion of the pin main body 82a 
inwardly from the outward flange portion 82b. On 
tiie other hand, the recess portion 84 stores a first 
coil spring 88 which is in contact with the inner end 
face of the guide pin 82 and biases it in a direction 
to project from the recess portion 84, and a second 
coil spring 90 which is in contact with the inner 
surface of the locking ring 86 and biases it against 
the stepped portion of the inward flange portion 
84b in an independent state. 

As shown in (A) of Fig. 9. in a state wherein the 
guide pin 82 is fitted in the detent hole 78i. 762. 
76i>. 76ig, 76r. or 76p and US position is locked, in 
other words, in a state wherem the distal end of the 



guide pin 82 is brought into contact with a surface 
having the depth hi from the inner circumferential 
surface of the mounting ring 64, the outward flange 
portion 82a of the guide pin 82 Is set to be sepa- 

5 rated from the locking ring 86 contacting the 
stepped portion by a distance (hi - ha). As a result 
as shown in (B) of Fig. 9, in a state wherein the 
distal end of the guide pin 82 is in contact with the 
bottom surface of the guide groove 80 between the 

10 forward 2nd-speed range "2" and the neutral range 
"N", the gukie pin 82 is pushed inwardly from a 
state wherein it is fitted in the detent hole 76i, 762, 
76d, 76n, 76r, or 76p in the radial direction of the 
switch main body 66 by a distance (hi -ha). 

15 In this push-in operation, the outward flange 

portion 82b is merely in contact with the locking 
ring 86, and does not push it inwardly. As a result 
a push-in force required for this push-in operation 
need only be a force against the biasing force of 

20 the first coil spring 88 which is engaged with only 
the guide pin 82. 

As shown in (C) of Fig. 9, in a state wherein 
the distal end of the guide pin 82 is in contact with 
the bottom surface of the guide groove 80 between 

25 the neutral range "N" and the parking range "P" 
and between the fonward 2nd-speed range *'2*' and 
the forward Ist-speed range "1". the guide pin 82 
is pushed inwardly from a state wherein it is fitted 
in the detent hole 76i, 762, 76d, 76n, 76r, or 76p in 

30 the radial direction of the switch main body 66 by a 
distance (hi - hs). As can be seen from the above 
description, since (hi - ha) > (hi - ha), the outward 
flange portion 82b is in contact with the locking 
ring 86 to further push it inwardly in the push-in 

35 operation. 

As a result, a push-in force required for this 
push-in operation must be a force against a total of 
tile biasing force of the first coil spring 88 which is 
engaged with the guide pin 82, and the biasing 

40 force of the second coil spring 90 which Is en- 
gaged witii the locking ring 86. 

In this manner, according to this embodiment, 
when the switch main body 66 is pivoted to switch 
the travel range between the forward 2nd-speed 

45 range "2" and the neutral range "N" (the guide pin 
82 is slid along the guide groove 80). a contact 
force between the guide pin 82 and the guide 
groove 80 (i.e., a frictionai engagement force) is 
defined by only a force against the biasing force of 

50 the first coil spring 88, and a pivot operation force 
can be relatively weak. 

However, when the travel range is switched 
between the neutral range "N" and the parking 
range "P" and between the forward 2nd-speed 

55 range "2" and the forward Ist-speed range "1". a 
contact force t>etween the guide pin 82 and the 
guide groove 80 is defined by a force against the 
total biasing force of the first and second coil 

12 
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springs 88 and 90, and a large pivot operation 
force is required. As a result, as shown in Rg. 10, a 
pivot operation force can have dif^ernnt strength 
levels, and these different strength levels and a 
difference In pivot starting forces from the stop 
positions of the switch main tjody 66 on the basis 
of a difference in depths of the above-mentioned 
detent holes can call a driver's attention to whether 
or not this switching operation need be performed 
really. As a result, an erroneous operation can be 
reliably prevented. 

The operation switch 18 with the above struc- 
ture is mounted on the left side surface of the 
steering column 58. as described above. More spe- 
cifically, the finger operation portion 68 located 
within a range of the forward Ist-speed range "1" 
to the neutral range "N" is arranged at a position 
where a driver can access it with his or her left 
middle finger, as shown in Fig. 11, in a driving 
state shown in Fig. 5. i.e., in a state wherein a 
driver rests his or her both elbows on fixed arm- 
rests 92 (an armrest for the right elbow is not 
shown for the sake of illustrative convenience) and 
holds the so-called 8 o'clock 20 minute positions of 
the steering wheel 56 with both hands at ease to 
drive the vehicle. 

In other words, in the at>ove-mentioned state 
(position), if the pivot radius of the left middle 
finger is represented by ti (e.g.. 130 mm) and the 
pivot radius of the finger operation portion 68 is 
represented by 1 2. a distance to l^etween the pivot 
center of the operation switch 18 and the grip 
positron of the left hand on the steering wheel 56 is 
defined so that a pivot path of the tip of the middle 
finger overlaps a pivot path of the distal end of the 
finger operation portion 68 located within a range 
between the forward ist-speed range "1" and the 
neutral range "N". That is, the distance la is 
defined to fall within a range wherein the following 
inequality (1) is satisfied: 

I3 < I1 + I2 (1) 



Since inequality (1) is defined as described 
above, in this embodiment, as shown in Fig. 12. a 
distance 1 6 between the distal end of the finger 
operation portion 68 located at the forward drive 
range position "D" and the steering wheel 56 is set 
to be 110 mm. 

As shown in Fig. 12, if a distance between the 
distal end of the finger operation portion 68 located 
at the reverse range position "R" and the steering 
wheel 56 is represented by t^, the distance I4 is 
defined to fall within a range wherein the following 
inequality (2) is satisfied, and Is set to be 130 mm 
in this embodiment: 
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The interval 62 between the neutral range "N" 

5 and the reverse range "R" is defined to also satisfy 
the above-mentioned inequality (2). 

In this embodiment, since the anranging posi- 
tion of the operation switch 18 is defined in this 
manner, the driver stretches the middle finger of 

10 his or her left hand while holding the steering 
wheel 56 with both hands, and taps the finger 
operation portion 68 of the operation switch 18 
downward or upward, thereby desirably and in- 
stantaneously switching the switch main body 66 

IS between the fon^rard 1st-speed range "1" and the 
neutral range "N". As a result, the driver can 
switch the travel range position during travel while 
holding the steering wheel 56 with both hands, thus 
guaranteeing a safety drive state. 

20 In this embodiment, since the reverse range 

position "R" is located outside an operation enable 
range of the finger operation portion 68 even if the 
driver stretches his or her middle finger while hold- 
ing the steering wheel 56 with the left hand, he or 

25 she cannot switch the travel range position from 
the neutral range "N" to the reverse range "R". As 
a result, while the driver desirably switches the 
travel range position between the forward Ist- 
speed range "1" and the neutral range "N" by 

30 tapping the finger operation portion 68 with his or 
her middle finger during forward travel, he or she 
can reliably avoid an erroneous operation for set- 
ting the reverse range "R". Thus, safety in the 
travel range switching operation can be guaranteed 

35 together with the above-mentioned requirement of 
the two-step operations. 

In order to switch the travel range position to 
the reverse range "R" or the pari<ing range "P". 
the driver must release his or her left hand from 

40 the steering wheel 56. Therefore, the switching 
operation to the reverse range "R" or the parking 
range "P" is mentally controlled, and an erroneous 
operation upon the switching operation to the re- 
verse range "R" or the parking range "P" can be 

45 prevented, thus also guaranteeing safety travel 
from this point of view. 

As shown in Fig. 11. the wiper operation lever 
62 is arranged above the operation switch 18 and 
is located behind it by a distance I5. Therefore, 

so when the driver operates the wiper operation lever 
62. he or she must change the grip position of the 
left hand on the steering wheel 56 from the so- 
called 8 o'clock direction position (indicated by 
symbol A in Fig. 11) to a so-called 10 o'clock 

55 direction position (indicated by symbol B in Fig. 
1 1 ). That is. an operation pivot range with the pivot 
radius (• of the operation switch 18 is different 
from an operation pivot range with the pivot radius 

13 
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tr of the wiper operation lever 62. 

As a result, in this embodiment, when the driv- 
er taps the finger operation portion 68 upward from 
below to switch the travel range position from the 
forward 2nd-speed range "2" to the fonward drive 
range "D". even if the middle finger Is swung up 
vigorously, the middle finger will never operate the 
wiper operation lever 62, and reliability of an opera- 
tion can be assured. When the wiper operation 
lever 62 is pushed down from above to set. e.g.. an 
intermittent wiper mode, even if this push-down 
operation undesirably drives the finger downward, 
the finger will not touch the finger operation portion 
68 of the operation switch 18. Thus, the driver can 
operate the wiper operation lever 62 without anxi- 
ety. 

In this embodiment, the reverse range position 
"R" is set to be defined by the finger operation 
portion 68 located in front of a vertical line V 
contacting the outer circumferential surface of the 
switch main body 66 to be separated from it by a 
distance U, as shown in Rg. 13. In other words, 
the reverse range position "R" is defined by pivot- 
ing the switch main body 66 via the finger opera- 
tion portion 66 to a position which can never be 
accessed by a knee which enters between the 
operation switch 18 and the steering wheel 56 in an 
up state (i.e.. bent at an acute angle). That is. the 
reverse range "R" is arranged at a position which 
satisfies both the condition given by the above- 
mentioned inequality (2) and a condition for setting 
a position which cannot be accessed by the knee 
described above. 

In a normal drive position, as indicated by a 
solid line in Rg. 14. the knee of the left leg will 
never access the operation switch 18. However, if 
the driver does not wear a seat belt in a head-on 
collision state or an abrupt braking state, his or her 
body is pushed forward by an immediate accelera- 
tion acting on him. and he or she may be forced to 
draw up his or her knee of the left leg between the 
operation switch 18 and the steering wheel 56. as 
indicated by an altemate long and short dashed 
line in Rg. 14. With friis knee, the finger operation 
portion 68 of the operation switch 18 may be 
pushed upward, and the switch main body 66 may 
be forcibly pivoted from, e.g., the forward drive 
range "D" to the reverse range "R". 

In this case, as described above, although the 
travel range position can be switched from the 
forward drive range "D" to the neutral range "N" 
by only a pivot operation of the switch main body 
66, the switching operation from the neutral range 
"N" to the reverse range "R" cannot be attained 
by merely pivoting the switch main body 66. That 
is. two-step operations are required, i.e.. the switch 
main body 66 must be pivoted while being pushed 
axially inwardly. For this reason, in a normal knee 



up state, the guide pin 82 is in contact with only 
the end wall for defining the first lateral groove 
portion 80b of the guide groove 80, and the switch 
main body 66 is held in position for defining the 
5 neutral range "N" but cannot be switched to thfe 
reverse range "R". 

However, in the above-mentioned head-on col- 
lision state or the abrupt braking state, since the 
above knee up state is attained with a strong force, 
10 in some cases, the guide pin 82 may clear the 
above-mentioned end wall by the strong force and 
the switch main body 66 may be pivoted to ac- 
cidentally set the reverse range "R". 

As a result when the abrupt braking is made, if 
75 the operation switch 18 is forcibly pivoted by the 
up knee from the neutral range "N" to the reverse 
range "R" by only the pivot operation, the vehicle 
is temporarily stopped by braking, and subsequent- 
ly begins to move backward based on setting of 
20 the reverse range "R". resulting in danger. 

However, in this embodiment, since the reverse 
range "R" is set at the position which cannot be 
accessed by the up knee, as described above, 
even if an immediate acceleration acts on the driv- 
25 er to force him or her to draw up a knee, the 
neutral range "N" is set in the worst case, and the 
reverse range will never be set. Thus, a safety 
travel state can be assured. 

Note that as shown in Rg. 15. in order to allow 
30 a driver to take an optima! steering wheel holding 
position, a so-called telescopic mechanism which 
allows the steering wheel to be axially slidable, as 
indicated by an alternate long and two short 
dashed line, and a so-called tilt mechanism which 
35 allows the steering wheel to be vertically movable, 
as indicated by an alternate long and short dashed 
line, are provided to the steering wheel 56 although 
their details are not illustrated. In this embodiment, 
when the telescopic mechanism or the tilt mecha- 
40 nism works, not only the steering wheel 56 axially 
reciprocates or is vertically moved from the steer- 
ing wheel 56. but the steering column 58 and the 
steering wheel 56 are moved together. 

As a result, according to this embodiment, the 
45 relative positional relationship between the opera- 
tion switch 18 and the steering wheel 56 can be 
kept constant. Even when the steering wheel 56 is 
subjected to a telescopic operation or is tilted, the 
travel range switching operation can be reliably 
50 executed while a driver keeps holding the steering 
wheel 56 with both hands. 

Referring again to Rg. 2, a travel range indica- 
tor 96 for indicating the presently set travel range 
based on the travel range set by the operation 
St switch 18 is arranged on a portion of an instrument 
panel 94 on which a speedometer, a tachometer, 
and the like are arranged. In this travel range 
indicator 96. an alphanumeric letter corresponding 
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to the presently set travel range is illuminated. 
Near the travel range indicator 96, there is ar- 
ranged an A/T warning lamp 98 for informing a 
failed state to the driver when the control unit 30 
determines that control fails since the travel range 
Instructed by the operation switch 18 is different 
from that set by the select switch 32. 

The travel range switching operation by operat- 
ing the operation switch 18 by the driver in the 
operation apparatus 10 with the above arrangement 
will be described below. 

In a state wherein the parking range "P" is set 
by the operation switch 18, and the vehicle stands 
still, a driver opens a door (not shown), enters the 
passenger room, slowly sits on a driver's seat, as 
shown in Fig. 5. and turns an ignition switch (not 
shown) with his or her right hand to start the engine 
14 while depressing a brake pedal (not shown). 
Thereafter, the driver holds the switch main body 
66 of the operation switch 18 with his or her left 
hand without gripping the steering wheel 56, and 
pushes it axlally inwardly against the biasing force 
of the coil spring 66g. so that the guide pin 82 is 
disengaged from the detent hole 76p corresponding 
to the parking range "P", slides along the third 
lateral groove portion 80e, and then reaches the 
inner end portion of the coupling groove portion 
80f. thus stopping the push-in operation. There- 
after, the driver pivots the switch main body 66 
downward, so that the guide pin 82 slides along the 
first coupling groove portion 80f. and reaches the 
inner end portion of the second lateral groove 
portion 80d. thus stopping the pivot operation. 

Thereafter, when the driver releases the push- 
in force of the switch main body 66. the switch 
main body 66 is displaced axlally outwardly as a 
whole by the biasing force of the coil spring 66g. 
so that the guide pin 82 slides along the second 
lateral groove portion 80d, and is fitted in and 
stopped at the detent hole 76r corresponding to 
the reverse range "R". In this manner, the travel 
range position is switched to the reverse range 

When the vehicle is to be moved backward, 
the driver releases his or her foot from the brake 
pedal while the reverse range "R" is set. and 
depresses an accelerator pedal. On the other hand, 
when the vehicle is to be moved forward, the driver 
holds the switch main body 66 witii his or her left 
hand, and pivots it downward, so that the guide pin 
82 slides along the oblique groove portion 80c and 
reaches and stops at the inner end portion of the 
first lateral groove portion 80b. Subsequently, the 
switch main body 66 is displaced axially outwardly 
by the biasing force of the coil spring 66g. so that 
the guide pin 62 slides along the first lateral groove 
portion 80b and is fitted in and stopped at the 
detent hole 76n corresponding to the neutral range 



"N". In this manner, the travel range position can 
be switched to the neutral range "N**. 

In a state wherein the neutral range '^N" is set 
in this manner, the driver rests both elbows on the 

5 armrests 92. and grips the so-called 8 o'clock 20 
minute direction positions of the steering wheel 58 
to take a driving position. As described above, the 
travel range switching operation between the neu- 
tral range "N" and the forward 2nd-speed range 

70 "2" can be attained by only tapping the finger 
operation portion 68 to pivot the switch main body 
66. Therefore, the driver stretches the middle finger 
of the left hand to tap the finger operation portion 
68 downward from the set position of tiie neutral 

75 range "N" while holding the steering wheel 56 with 
both hands. 

With this tap-down operation, the guide pin 82 
is lightiy disengaged from the detent hole 76n 
con-esponding to the neutral range "N". slides 

20 along the linear groove portion 80a, and is then 
fitted in and stopped at the detent hole 76d cor- 
responding to the forward drive range "D". In this 
manner, the travel range position can be switched 
to the forward drive range "D". When the forward 

25 drive range "D" is set in this manner, the driver 
releases his or her foot from the brake pedal, and 
depresses the accelerator pedal, thus driving the 
vehicle forward in an automatic transmission state. 
When the travel range position is switched to 

30 the neutral range while the vehicle is stopped at. 
e.g., an intersection, the driver stretches the middle 
finger of his or her left hand while gripping the 
steering wheel 56 with both hands, and taps the 
finger operation portion 68 of the operation switch 

35 18 upward, so that the guide pin 82 is lightly 
disengaged from the detent hole 76d correspond- 
ing to the drive range "D". slides along the linear 
groove portion 80a. and is then fitted in and stop- 
ped at the detent hole 76n corresponding to the 

40 neutral range "N". In this manner, the travel range 
position can be switched to the neutral range "N". 

During forward travel, for example, when the 
vehicle reaches a long down slope, and requires an 
engine brake, the driver stretches the middle finger 

45 of his or her left hand while gripping the steering 
wheel 56 with both hands, and taps the finger 
operation portion 68 of the operation switch 18 
downward, so that the guide pin 82 is lightly dis- 
engaged from the detent hole 76d corresponding to 

50 tiie drive range "D". slides along the linear groove 
portion 80a. and is fitted in and stopped at tiie 
detent hole 762 corresponding to the forward 2nd- 
speed range "2". In this manner, the travel range 
position can be switched to the forward 2nd-speed 

55 range "2". 

During forward travel, for example, when the 
vehicle reaches a steep down slope, and requires a 
strong engine brake, the driver stretches the mid- 
15 
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die finger of his or her left hand while gripping the 
steering wheel 56 with both hands, and pushes the 
push-in section 70 of the operation switch 18 ax- 
iaily Inwardly against the biasing force of the coil 
spring 66g. so that the guide pin 82 is disengaged 
from the detent hole 762 corresponding to the 
fonvard 2nd-speed range "2". slides along the 
fourth lateral groove portion 80g, and reaches the 
upper end portion of the second coupling groove 
portion 80h, thus stopping the push-in operation. 
Thereafter, the driver pivots the finger operation 
portion 68 downward (i.e., taps it downward fronn 
above) with the middle finger which has pushed in 
the push-in section 70. so that the guide pin 82 
slides along the second coupling groove portion 
80h, and is fitted in and stopped at the detent hole 
76i for defining the forward Ist-speed range "1". In 
this manner, the travel range position can be 
switched to the forward ist-speed range "1". 

In this manner, when the forward 1st-speed 
range "1" is set, a strong engine brake can be 
attained. However, when the strong engine brake is 
erroneously set during high-speed travel, a stable 
travel state may bo disturbed. For this reason. In 
this embodiment, as described above, when the 
travel range position is switched from the forward 
2nd-speed range "2* to the forward Ist-speed 
range "1". two-step operations, i.e., push-in and 
pivot operations are required although the left hand 
keeps holding the steering wheel 56. Thus, the 
forward Ist-speed range "1" cannot be set by 
merely pivoting the finger operation portion 68. 

As a result, in a state wherein the travel range 
switching operation is executed between the for- 
ward 2nd-speed range "2" and the neutral range 
"N" with a light operation force, the forward Ist- 
speed range "1" cannot be easily set. In addition, 
in order to switch the travel range position from the 
forward 2nd-speed range "2" to the forward Ist- 
speed range "1". a special attention is required, 
and it can be effectively prevented to erroneously 
set the forward Ist-speed range "1 

More specifically, in this embodiment, during 
forward travel of the vehicle, when the driver 
changes the travel range position between the for- 
ward 2nd-speed range "2" and the neutral range 
"N" while he or she keeps holding the steering 
wheel 56 with both hands, he or she stretches the 
middle finger of his or her left hand and lightly taps 
the finger operation portion 68 of the operation 
switch 18 downward or upward to pivot the switch 
main body 66. thereby executing the travel range 
switching operation during forward travel without 
releasing the left hand from the steering wheel 56, 
i.e.. while holding the steering wheel 56 with both 
hands. Thus, high-level safety upon operation of 
the steering wheel 56 can be attained- 

When the travel range position is switched 



from the f onward 2nd-speed range "2" to the for- 
ward Ist-speed range "1". the driver stretches the 
middle finger of his or her left hand, temporarily 
axially pushes in the push-in section 70 of the 
5 operation switch 18. and tfien strongly taps the 
finger operation portion 68 downward to pivot the 
switch main body 66. As a result, the driver can 
execute the travel range switching operation for 
effecting a strong engine brake without releasing 
10 the left hand from the steering wheel 56, i.e., while 
holding the steering wheel 56 with both hands. 
Thus, high-level safety upon operation of the steer- 
ing wheel 56 can be similarly attained. 

When the travel direction of the vehicle is to be 
75 reversed from a forward travel state, after the travel 
range position is temporarily switched to the neu- 
tral range "N" by the above-mentioned operations, 
the driver releases his or her left hand from the 
steering wheel 56, and pushes the push-in portion 
20 70 axially inwardly against the biasing force of the 
coil spring 66g with the middle finger of the re- 
leased left hand. With this push-in operation, the 
guide pin 82 is disengaged from the detent hole 
76n corresponding to the neutral range "N", slides 
25 along the first lateral groove portion 80b. and 
reaches the lower end portion of the oblique 
groove portion 80c, thus stopping the push-in op- 
eration. Thereafter, the driver taps the finger opera- 
tion portion 68 upward, so that the guide pin 82 
30 slides along the oblique groove portion 80c, 
reaches its upper end portion, and is fitted in and 
stopped at the detent hole 76r corresponding to 
the reverse range "R". In this manner, the travel 
range position can be switched to the reverse 
35 range "R". 

When the travel range position is to be 
switched from the reverse range "R" to the parking 
range "P", operations quite opposite to those for 
switching the travel range position from the parking 
40 range "P" to the reverse range "R" are executed. 

More specifically, in conventional vehicles, 
when a transmission operation in a manual trans- 
mission mechanism or a travel range switching 
operation in an automatic transmission mechanism 
45 is to be performed regardless of types of transmis- 
sion mechanism (manual or automatic transmis- 
sion) or types of shift lever (column or floor shift 
lever type), a driver must release his or her left 
hand from the steering wheel 56 to perform the 
50 operation, a so-called single-hand driving state oc- 
curs, and it is not preferable in terms of safety. 
According to this embodiment, however, this prob- 
lem can be solved, and the travel range switching 
operation can be performed without releasing the 
55 left hand from the steering wheel 56. i.e.. while 
holding the steering wheel 56 with both hands. As 
a result, a greatly improved novel driving o(:>eration 
in terms of safety can be realized. 

16 
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According to this embodiment, the operation 
switch 18 for switching the transmission range po- 
sition is mounted on the left side surface of the 
steering column 58, and a front-wheel driving sys- 
tem is employed. As a result, a floor between the 
driver's seat and the front passenger's seat can be 
formed to be almost flat, and a space around the 
driver's seat can be "neatly" arranged. In this man- 
ner, gorgeous circumstances as if the driver's seat 
were placed on the floor of a reception room can 
be attained, and the circumstances in the pas- 
senger room brews a very "leisurely" atmosphere 
in addition to the fact that the driver can rest 
elbows of both arms on the armrests 92 and can 
take a relaxed driving position. As a result a com- 
fortable, safety driving condition can be naturally 
attained. 

A control system for controlling a motorized 
driving operation of the automatic transmission 
mechanism 12 on the basis of a travel range 
switching operation through the operation switch 18 
with the above-mentioned structure will be de- 
scribed below with reference to Figs. 16 to 27. 

The control system mainly comprises a signal 
generation mechanism 100 equipped in the opera- 
tion switch 18. and the control unit 30 for simulta- 
neously or solely driving the first and second driv- 
ing motors 22A and 22B of the motorized travel 
range switching apparatus 20 on the basis of a 
travel range switching signal and a range setting 
signal output from the signal generation mecha- 
nism 100 so that the automatic transmission 
mechanism 12 can be immediately set at the travel 
range position newly set by the operation switch 
18. The signal generation mechanism 100 of the 
operation switch 18 will be described in detail 
below. 

As has already been described above with 
reference to Fig. 7, the signal generation mecha- 
nism 100 comprises the contacts Xp. Xr. Xn, Xd. 
X2, and Xi formed on the insulating portion defined 
on the left side surface of the steering column 58 
in correspondence with the travel ranges "P". "R", 
"N", "D", "2", and "1". and the contact rod 66c 
fixed on the outward flange portion 66a of the 
switch main body 66 and sequentially contacting 
the contacts Xp. Xr. Xn. Xq. X2. and Xi in accor- 
dance with the pivot operation of the switch main 
body 66. 

More specifically, as shown in Fig. 16. the 
contacts Xp. Xr, Xn, Xq. X2. and Xi are constituted 
by a feeder terminal ^0 extending in an arcuated 
pattern along the pivot direction of the switch main 
body 66 and continuously formed to extend all over 
the contacts Xp. Xr. Xn, Xq. X2. and Xi. first 
contact terminals 01 sequentially aligned in a line 
along the pivot direction of the switch main body 
66 beside the feeder terminal oo. and indepen- 



dently formed in units of the contacts Xp. Xr. Xn, 
Xo. X2. and Xi, and second contact terminals 4»2P. 
<^2R. <j»2N. ^20. ^22. and <^2i sequentially aligned in 
a line along the pivot direction of the switch main 

5 body 66 beside the corresponding first contact 
terminals and formed in correspondence with 
the contacts Xp. Xr. Xn. Xo. X2, and Xi . 

The feeder terminal <>o is connected to a bat- 
, tery (not shown) through a resistor (not shown). As 

70 shown in Rg. 16, each first contact terminal is 
formed to extend along the pivot direction of the 
switch main body 66 in a sectorial shape having a 
predetermined central angle dx (it is illustrated as a 
rectangular shape for the sake of illustrative conve- 

75 nience in Rg. 16). The adjacent first contact termi- 
nals are separated from each other by equal 
angular intervals having a predetermined central 
angle 62. The first contact terminals ^1 are elec- 
trically commonly connected by a first connection 

20 line 102 consisting of branch connection lines 102a 
temporarily extending sideways from their edges 
along a direction perpendicular to the slide direc- 
tion of the contact rod 66c, and a main connection 
line 102b for commonly coupling these branch 

25 connection lines 102a and extending along the 
slide direction of the contact rod 66c. An end 
portion of the first connection line 102 is defined as 
a first output terminal 104. 

On the other hand, the second contact termi- 

30 nals <fr2P. 4>2Rf <>2n, *2d. *22, and <t>2^ are formed to 
extend along the slide direction of the contact rod 
66c in a sectorial shape having the above-men- 
tioned central angle di , and are entirely offset by a 
predetermined central angle 03 along a forward 

35 operation direction of the operation switch 18 (this 
forward operation direction is defined as an opera- 
tion direction from the parking range "P" toward 
the forward Ist-speed range "1", and a reverse 
operation direction is defined as an operation direc- 

40 Won from the forward Ist-speed range "1" toward 
the parking range "P"). 

This offset amount (angle) $z is set to be 
smaller than the separation angle $2 of the first 
contact terminals Therefore, the second contact 

45 terminal <l>2 of a given travel range and the first 
contact terminal *t of the adjacent travel range are 
completely separated by a central angle {62 - 03 ). 
and the first contact terminal of a given travel 
range and the second contact terminal <l>2 of the 

50 adjacent travel range are also completely sepa- 
rated by a central angle (02 - 03). More specifically, 
the contacts Xp. Xr. Xn. Xq. X2, and Xi of the 
adjacent travel ranges are completely separated 
from each other by this complete separation angle 

55 (02 -03). 

Note that in Rg. 16, for the sake of easy 
understanding, the second contact terminals ojp, 
^2Rt O2N*02O* ^22. and 02* are illustrated so that 
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they are arranged not to overlap each other in the 
slide direction of the contact rod 66c. However. In 
practice, as shown in Rg. 17A. these contact termi- 
nals are independently aligned in a line along the 
travel direction of the contact rod 66c. The second 
contact terminals ^ap. *2r, <>2n. <^>2D. <>22, and <^2i 
are led outwardly by connection lines 106a to 106f 
which temporarily extend sideways from the edges 
of the terminals along a direction perpendicular to 
the slide direction of the contact rod 66c, and then 
extend along the slide direction of the contact rod 
66c. The end portions of these second connection 
lines 106a to 106f are defined as second output 
tennlnals I08a to 108f. 

The relationship between extending zones of 
the first contact terminals 4»i and the corresponding 
second contact terminals <t>2Pt 4>2Hf 4>zn* <#»2Di <i>22, 
and 4f2y in the respective travel ranges, and forma- 
tion zones of corresponding detent holes in the 
detect mechanism 76 for mechanically restraining 
the travel ranges in the operation switch 18, which 
have already been described above with reference 
to Rgs. 7 and 8 will be described below with 
reference to Hg. 17B. 

As shown in Rg. 17B. if a total extending zone 
of the first contact terminal in each travel range 
and the corresponding second contact terminal 
(i.e., a zone extending from the left edge of the first 
contact terminal to the right edge of the cor- 
responding second contact terminal, i.e.. a zone for 
outputting an electrical signal indicating a corre- 
sponding travel range) is represented by F, the 
center of this extending zone F is set to coincide 
with the center of the detent hole 76 in the cor- 
responding travel range. The extending zone F is 
set to be wider than the formation zone of the 
corresponding detent hole 76. More specifically, 
the two edges of the extending zone F are formed 
over flat top portions of detent peaks SD formed to 
be located at two sides of the corresponding detent 
hole 76, as shown in Rg. 17B. 

In this manner, according to this embodiment, 
since the extending zone F of the contact terminal 
in each travel range is formed in association with 
the formation zone of the corresponding detent 
hole 76. even when a driver operates the operation 
switch 18 vigorously, i.e., pivots the operation 
switch 18 beyond the central position of the detent 
hole 76 of the travel range to be set. the switch 18 
can be returned to sutDStantially the central position 
of the detent hole by a detent force as long as the 
switch falls within a detent zone of the travel range 
to be set. In addition, since the extending zone of 
the contact terminal for electrically indicating this 
travel range is formed to be wider than the detent 
zone, an electrical signal can be prevented from 
being erroneously output within a zone for me- 
chanically setting the travel range, and safety in 
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travel control can be guaranteed. 

The above-mentioned contact rod 66c com- 
prises a first slide brush 66ci which is always in 
contact with the feeder terminal <^o when the switch 

5 main body 66 is pivoted, a second slide brush 66c2 
which is in selective contact with the first contact 
terminals and a third slide brush 66c3 which is 
in selective contact with the second contact termi- 
nals <t>zp, <^>2R. ^2N. <#>2D. <^>22. and <^2i. Thoso first to 

10 third slide brushes 66ci, 66c2. and 66C3 are moved 
together according to a pivotal movement of the 
switch main body 66, and are aligned in a line 
along a direction perpendicular to the moving di- 
rection of the contact rod 66c. 

75 Each of the second and third slide brushes 

66c2 and 66C3 has a circular contact end face 
(slide surface) having a diameter smaller than the 
above-mentioned complete separation amount (^2 - 
da). The first and second slide brushes 66ci and 

20 66C2, and the first and third slide brushes 66ci and 
66C3 are electrically connected to each other. 

As a result, signals having waveforms shown in 
the timing chart portion of Rg. 16 are output from 
the first output terminal 104 and the second output 

25 terminals 108a to 108f upon operation of the opera- 
tion switch 18, i.e., the pivotal movement of the 
switch main body 66. More specifically, the first 
output terminal 104 outputs an "f-level signal 
when the second slide brush 66C2 is in contact with 

30 the insulating portion, and outputs an "H"-level 
signal when the second slide brush 66C2 is in 
contact with the first contact terminal Each of 
the second output terminals 108a to 108f outputs 
an "L"-Ievel signal while the third slide brush 66C3 

35 is in contact with the insulating portion, and outputs 
an "H^-level signal while the third slide brush 66C3 
Is in contact with the corresponding one of the 
second contact terminals 4>2p,^2r. ♦zn. <>2o. ^22, 
and ^21- 

40 In this embodiment, the "H^-level signal from 
the first output terminal 104 and the "H^-Ievel 
signal from one of the second output terminals 
108a to 108f define range setting signals for in- 
dicating the travel range presently set by the op- 

45 eration switch 18. On the other hand, the "L"-level 
signal from the first output terminal 104 and the 
"L"-level signals from the second output terminals 
108a to 108f define travel range switching signals 
for indicating that the travel range switching opera- 

50 tion is started by the operation switch 1 8. 

When the following travel ranges are set by 
pivoting the switch main body 66. signals are out- 
put from the first output terminal 104 and the 
second output terminals 108a to 108f in the follow- 

55 ing order. 

More specifically, when the switch main body 
66 is pivoted in a forward direction from a state 
wherein the neutral range "N" is presently set. as 

18 
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shown . in Rg. ISA, i.e., from a state wherein the 
"H "-level signals are output from both the first 
output terminal 1 04 and the second output terminal 
108c, the second slide brush 66C2 is disengaged 
from the first contact terminal 4»i corresponding to 
the neutral range "N", and the output from the first 
output terminal 104 goes from "H" level to "L" 
level. Subsequently, the third slide brush 66c3 is 
disengaged from the second contact terminal 4>zn 
corresponding to the neutral range "N". and the 
output from the second output terminal 108c goes 
from "H" level to "L" level. In this manner, all the 
first and second terminals 104 and 108a to 108f 
output "L"-level signals, i.e.. the travel range 
switching signals. 

Thereafter, the second slide brush 66c2 is 
brought into contact with the first contact terminal 
^1 corresponding to the forward drive range "D" 
adjacent to the neutral range "N" in the fonward 
direction, and the output from the first output termi- 
nal 104 goes from "L" level to "H" level. Subse- 
quently, after the lapse of a predetermined delay 
time, the third slide brush 66C3 is brought into 
contact with the second contact terminal ^20 cor- 
responding to the forward drive range "D", and the 
output from the second output terminal 1 08e goes 
from "L" level to "H" level. That is. the range 
setting signals indicating the forward drive range 
are output. 

When the switch main body 66 is pivoted in a 
reverse direction from a state wherein the forward 
drive range "D" is presently set. as shown in Fig. 
IBB, i.e.. from a state wherein the "H"-level signals 
are output from both the first output terminal 104 
and the second output terminal 108d, the third 
slide brush 66C3 is disengaged from the second 
contact terminal 020 corresponding to the fon^ard 
drive range "D". and the output from the second 
output terminal 108d goes from "H" level to "L" 
level. Subsequently, the second slide brush 66C2 is 
disengaged from the first contact terminal cor- 
responding to the forward drive range "D", and the 
output from the first output terminal 104 goes from 
"H" level to "L" level. In this manner, all the first 
and second terminals 104 and 108a to 108f output 
"L"-level signals, i.e.. the travel range switching 
signals. 

Thereafter, the third slide brush 66C3 is brought 
into contact with the second contact terminal ♦2N 
corresponding to the neutral range "N" adjacent to 
the drive range "D" in the reverse direction, and 
the output from the second output terminal 108c 
goes from "L" level to "H" level. Subsequently, 
after the lapse of a predetermined delay time, the 
second slide brush 66C2 is brought into contact 
with the first contact terminal 0* corresponding to 
the neutral range "N". and the output from the first 
output terminal 104 goes from "L" level to "H" 



level. That is. the range setting signals Indicating 
the neutral range are output. 

As a result, as will be described in detail later, 
the control unit 30 monitors the order of rising of 

6 output levels of the first and second output termi- 
nals 104 and 108a to 108f. \/Vhen the control unit 
30 detects that the output from the first output 
terminal 104 first goes to "H" level, and then, the 
output from one of the second output terminals 

10 I08a to I08f goes to "H" level, it determines that 
the operation switch 18 Is operated in the fonvard 
direction. On the other hand, when the control unit 
30 detects that the output from one of the second 
output terminals 108a to 108f goes to "H" level, 

rs and then, the output from the first output terminal 
104 goes to "H" level, it determines that the opera- 
tion switch 18 is operated in the reverse direction. 
In this manner, upon operation of the operation 
switch 18. the control unit 30 can recognize at least 

20 whether the operation switch is operated in the 
forward or reverse direction although its destination 
(i.e.. a target stop position) is unknown yet. 

In this embodiment, whether the operation 
switch 18 is operated in the fon^^ard or reverse 

25 direction is determined on the basis of two "H"- 
level signals, i.e.. the "H"-level output from the first 
output terminal 104 and the "H"-lBvel output from 
one of the second output terminals 108a to 108f. 
As a result, as compared to a case wherein a 

30 rotational direction is determined based on a single 
"H"-level signal, an erroneous operation caused by 
noise does not easily occur. More specifically, in 
this embodiment, signals from the signal genera- 
tion mechanism 100 are constituted by outputs 

35 which change based on contact •noncontact oper- 
ations between contact terminals and the contact 
rod 66c. When signals are defined based on a 
change in contact state, noise tends to be gen- 
erated. When such noise is recognized as an "H"- 

40 level signal, if a rotational direction is determined 
on the basis of a single "H"-level signal, the rota- 
tional direction may be enroneously determined 
based on the noise, , and the travel range switching 
operation may be undesirably started in the auto- 

45 matic transmission mechanism 12 although the op- 
eration of the operation switch 18 is not yet deter- 
mined. However, in this embodiment, as described 
above, since a rotational direction is recognized 
based on the two "H"-level signals, a possibility of 

50 an erroneous operation caused by noise can be 
minimized, and the rotational direction can be reli- 
ably determined. 

Note that symbol a in Fig. 16 denotes a zone 
of a common extending portion of the first and 

55 second contact terminals 01 and 02 in each travel 
range, and its length is expressed by a = 0i - 2 x 
63. When the contact rod 66c reaches a region 
represented by the zone a. the travel range setting 
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position is mechanically regulated by the above- 
mentioned detent mechanism in the operation 
switch 18, thus stopping the switch 18. 

A connection state among the three CPUs 30A, 
30B, and 30C in the control unit 30 will be briefly 
described below with reference to Fig. 17C. 

As described above, in this control unit 30, the 
first CPU 30A constitutes a first control system for 
driving the first driving motor 22A. the second CPU 
30B constitutes a second control system for driving 
the second driving motor 22B. and the third CPU 
30C constitutes a third control system for detecting 
the mutual relationship between the first and sec- 
ond CPUs 30A and 30B, and their failed states so 
as to execute a fail-safe operation. That is. the 
control unit 30 is constituted by so-called triple 
control systems. 

The first and second CPUs 30A and 30B have 
the same control sequence although their defiled 
control sequence will be described in detail later, 
and always execute the same control operation on 
^e basis of the same input data The third CPU 
30C outputs start signals to the first and second 
CPUs 30A and 308 when the ignition switch (not 
shown) is turned on. thus causing them to start 
their control operations. In addition, in a normal 
state, in other words, when no system failed state 
is detected in the first CPU 30A as the main CPU, 
the third CPU 30C inhibits driving control of the 
second driving motor 22B on the basis of a control 
operation of the second CPU SOB, and drives the 
first driving motor 22A on the basis of a control 
operation of only the first CPU 30A. thus switching 
a travel range in the automatic transmission 
mechanism 12, except for the following exceptional 
state. 

in the exceptional state, it is determined based 
on the control inhibitor signal input from the control 
inhibitor switch 32b of the select switch 32 that the 
parking range "P" is set by the select switch 32 
when no system failed state occurs in the first and 
second CPUs 30A and 30B. In the exceptional 
state, the third CPU 30C also allows execution of 
the driving control of the second driving motor 22B 
based on the control operation of the second CPU 
SOB. In this manner, the first and second driving 
motors 22A and 22B are simultaneously driven to 
execute a switching operation from the parking 
range "P" to the adjacent reverse range "R". 

The connection state between the operation 
switch 18 and the control unit 30 will be described 
in detail below with reference to Frg. 17A. 

More specifically, the output terminal 104 for 
the first contact terminals is connected to one 
input terminal of a first OR gate 112 through a first 
pulse generator 110. The output terminals 108a to 
108f for the second contact terminals ^2? to 021 
are connected to input terminals of a second OR 



gate 114. The output terminal of the second OR 
gate 114 is connected to the other input terminal of 
the first OR gate 112 via a second pulse generator 
116. The first and second pulse generators 110 

5 and 116 output one-shot pulses in response to the 
trailing edges of input signals. The output terminal 
of the first OR gate 112 is connected to first 
Interrupt terminals INTi of the first and second 
CPUs 30A and 30B of the control unit 30. 

10 The output terminal 104 for the first contact 

terminals ^1 is connected to one input tenninal of a 
third OR gate 120 via a third pulse generator 118. 
The output terminal of the second OR gate 114 is 
connected to the other input terminal of the third 

75 OR gate 120 via a fourth pulse generator 122. The 
third and fourth pulse generators 118 and 122 
output one-shot pulses in response to the trailing 
edges of input signals. The output terminal of the 
third OR gate 120 is connected to second interrupt 

20 terminals INT2 of the first and second CPUs 30A 
and 30B of the control unit 30. 

The second output terminals 108a to lOBf are 
connected to one input terminal group of an 8 x 2 
multiplexer 124, and the first output terminal 104 

25 and the output terminal of the second OR gate 114 
are connected to the other input terminal group of 
this multiplexer 124. When an "L"-level signal is 
input to a control terminal of the multiplexer 124, 
the multiplexer 124 outputs the signals input to one 

30 input terminal group to input ports of the first and 
second CPUs 30A and 30B; when an "H"-level 
signal is input to the control terminal, it outputs 
signals input to the other input terminal group to 
the input ports of the first and second CPUs 30A 

35 and 30B. 

The first and second CPUs 30A and 30B are 
respectively connected to real-time counters RTC. 
Each real-time counter RTC has four channels. In 
each of the first to fourth channels, when a cor- 

40 responding timer is started, and a preset time 
elapses, a time-up signal Is output to the cor- 
responding CPU. \/Vhen each of the first and sec- 
ond CPUs 30A and 30B receives the time-up signal 
from any of the timers in the first to fourth chan- 

45 nels, it determines a failed state, and executes a 
predetemnined fail-safe operation. The timer in 
each of the second to fifth channels stops a count- 
up operation in response to an input timer reset 
signal, and is reset to an initial state to wait for the 

50 next signal. 

The first CPU 30A Is connected to the first 
driving motor 22A via a first motor driver 126A, and 
the second CPU 308 is connected to the second 
driving motor 22B via a second motor driver 126B. 
55 The two motor drivers 126A and 1268 have the 
same arrangement, i.e., comprise direction latch 
circuits DIR for regulating rotational directions of 
the corresponding driving motors 22A and 22B. 
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and enable latch circuits ENA for regulating driving 
forces of the corresponding driving motors 22A and 
22B, as will be described In detail later. Upon 
reception of a "0" signal, each direction latch cir- 
cuit DIR outputs a fonward rotation signal for rotat- 
ing the output shaft 24 in a forward direction; upon 
reception of a "1" signal, it outputs a reverse 
rotation signal for driving the output shaft 24 in a 
reverse direction. 

As described above, the rotational driving di- 
rection of the first driving motor 22A coincides with 
the rotational direction of the output shaft 24, while 
the rotational driving direction of the second driving 
motor 22B is opposite to the rotational direction of 
the output shaft 24. For this reason, when the 
forward rotation signal for driving the output shaft 
24 in a forward direction is input, the first driving 
motor 22A rotates Its own driving shaft in the 
forward rotational direction. However, the second 
driving motor 22B rotates its own driving shaft in 
the reverse rotational direction. 

Upon reception of a "1" signal, each enable 
latch circuit ENA turns on a DC/DC converter 128 
(to be described later) to output a driving signal for 
driving the corresponding driving motor 22 at a 
predetermined voltage; upon reception of a "0" 
signal, it turns off the DC/DC converter 128 not to 
apply a voltage to the corresponding driving motor 
22. 

Note that each of the first and second CPUs 
30A and 308 has. as a main routine, a routine for 
controlling to stop rotation of the driving motors 
22A and 22B when a travel range newly set by the 
operation switch 18 coincides with an Inhibitor sig- 
nal from the select switch 32 of the automatic 
transmission mechanism 12 after the rotational di- 
rection of the operation switch 18 is determined in 
a rotational direction judgment routine (to be de- 
scribed in detail later) and the driving motors 22A 
and 22B are rotated based on the determined 
rotational direction. Meanwhile, when a pulse signal 
is input to the first or second interrupt terminal 
INTi or INT2, the main routine is interrupted, and 
each CPU executes the first or second interrupt 
routine. 

Each of One first and second CPUs 30A and 
30B comprises a fail judgment signal generation 
routine in each control sequence, which signal is 
used for system fail judgment by the third CPU 
30C. Each of the first and second CPUs 30A and 
30B outputs system fail judgment signals having a 
predetermined pulse width to the third CPU 30C at 
predetermined intervals. On tiie other hand, the 
third CPU 30C always monitors the fail judgment 
signals output from the first and second CPUs 30A 
and 30B. When the system fail judgment signals 
are not output at the predetermined intervals, or 
when they are kept output, tt^e third CPU 30C 
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determines that a control operation of tiie cor- 
responding CPU runs away, and a system failed 
state occurs, and executes a system fail-safe op- 
eration. 

5 The third CPU 30C also comprises a fail judg- 

ment signal generation routine In its own control 
sequence, which is used in system fail judgment 
by the first and second CPUs 30A and 30B. and 
outputs system fail judgment signals having a pre- 

10 determined pulse width to the first and second 
CPUs 30A and SOB at predetermined intervals. On 
the other hand, each of the first and second CPUs 
30A and 30B always monitors the fail judgment 
signals output from the third CPU 30C. When the 

15 system fail judgment signals are not output at the 
predetermined intervals, or when they are kept 
output, the first or second CPU determines that a 
control operation of the third CPU 30C runs away, 
and a system failed state occurs, and outputs a 

20 power supply cut signal to a control switch 129 
interposed between the third CPU 30C and a bat- 
tery BA. 

More specifically, the first and second CPUs 
30A and 30B are connected to a control terminal of 

25 the control switch 129 via an AND gate 131. When 
the power supply cut signal is output from at least 
one of the CPUs 30A and SOB, tiie control switch 
129 is set in a power supply cut state, as will be 
described later. 

30 The control switch 129 comprises a release 

switch, and is normally biased in a closed state. In 
this closed state, the battery BA Is directiy con- 
nected to the third CPU 30C. thus allowing an 
operation of the third CPU 3QC. Upon reception of 

35 the power supply cut signal, the control switch 129 
is opened, and the battery BA is disconnected from 
tiie third CPU 30C. Thus, no cunrent can be sup- 
plied to tiie third CPU 30C, i.e.. the operation of the 
third CPU 30C is stopped. 

40 More specifically, witii this AND gate 131, even 

if one of the first and second CPUs 30A and SOB 
system-fails, and outputs tiie power supply cut 
signal before tiie third CPU 30C cuts off the power 
supply of the system-failed CPU. as will be de- 

45 scribed later, the control switch 129 cannot be 
opened by only one power supply cut signal, and 
the third CPU 30C can be continuously supplied 
with a power supply voltage. Therefore, the third 
CPU 30C can normally execute a control operation. 

50 As a result, the power supply cut signal is input to 
the control terminal of the control switch 129 only 
when both tiie first and second CPUs 30A and 30B 
determine that the ttiird CPU 300 system-fails. In 
this manner, a conti-ol operation of the third CPU 

55 30C can be reliably prevented from being errone- 
ously stopped when one of the first and second 
CPUs 30A and SOB system-fails, thus assuring 
safety travel. 

21 
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The arrangements of the first and second mo- 
tor drivers 126A and 126B described above will be 
described in detail below with reference to Rg. 
17D. Since the two motor drivers 126A and 126B 
have the same arrangement, and are connected to 
the conresponding CPUs 30A and 30B in quite the 
same connection state, the first motor driver 126A 
will be exemplified below, and a description of the 
second motor driver 126B will be omitted. In con- 
nection states of the two motor drivers 126A and 
126B to the corresponding driving motors 22A and 
228, since the rotational directions of the two driv- 
ing motors 22A and 22B must be opposite to each 
other, as described above, mounting positions of 
two terminals 22a and 22b of the second driving 
motor 22B must be reversed to those of the first 
driving motor 22A. 

The motor driver 126A comprises the enable 
latch circuit ENA, the direction latch circuit DIR. the 
DC/DC converter 128 serving as a voltage regula- 
tor, first and second p-type FETs 130 and 132, first 
and second n-type FETs 134 and 136. and a pair 
of converters 138 and 140. The drain of the first p- 
type FET 130 is connected to the source of the 
first N-type FET, and these terminals are con- 
nected to one input terminal 22a of the first driving 
motor 22A. The drain of the second p-type FET 
132 is connected to the source of the second n- 
type FET 136, and these terminals are connected 
to the other input terminal 22b of the first driving 
motor 22A. 

The Input terminal of the DC/DC converter 128 
is connected to the positive terminal of the battery. 
The output terminal of the DC/DC converter 128 is 
connected to the sources of the first and second p- 
type FETs 130 and 132. The drains of the first and 
second n-type FETs 134 and 136 are connected to 
a ground terminal. The direction latch circuit DIR 
has two output terminals. One output terminal of 
the circuit DIR is directly connected to the gate of 
the first p-type FET 130, and is also connected to 
the gate of the second n-type FET 136 via the 
converter 138 described above. The other output 
terminal of the direction latch circuit DIR is directly 
connected to the gate of the first n-type FET 134, 
and is connected to the gate of the second p-type 
FET 132 via the converter 140 described above. 

When a "0" signal is input from the corre- 
sponding first CPU 30A to the direction latch circuit 
DIR. the circuit DIR outputs "L"-leve! signals from 
the two output terminals; when a "1" signal is 
input, it outputs "H "-level signals from the two 
output terminals. The p-type FETs 130 and 132 are 
enabled upon reception of •'L"-level signals at their 
gates, and are disabled upon reception of "H^-level 
signals. On the other hand, the n-type FETs 134 
and 136 are disabled upon reception of "f-level 
signals at their gates, and are enabled upon recep- 



OCID: <EP_044467eA1J_> 



tion of "H"-level signals. 

When a current flows from one terminal 22a to 
the other terminal 22b, the conresponding first driv- 
ing motor 22A is rotated in a forward direction. 

5 When a current flows from the other terminal 22b 
to one terminal 22a, the motor 22A is rotated in the 
reverse direction. 

In this embodiment, when a "0" signal is out- 
put from the corresponding first CPU 30A to the 

10 direction latch circuit DIR. "L^-level signals are 
output from the two output terminals of the circuit 
DIR, and as a result, the first p-type FET 130 and 
the second n-type FET 136 are simultaneously 
enabled, and the second p-type FET 132 and the 

15 first n-type FET 134 are simultaneously disabled. 
Therefore, in this ON/OFF state, a current output 
from the DC/DC converter 128 flows from one 
terminal 22a to the other terminal 22b in the cor- 
responding first driving motor 22A, and as a result, 

20 the first driving motor 22A is rotated in the forward 
direction. 

When a "1" signal is output from the cor- 
responding first CPU 30A to the direction latch 
circuit DIR. "H"-level signals are output from the 

26 two output terminals of the circuit DIR. As a result, 
the first p-type FET 130 and the second n-type 
FET 136 are simultaneously disabled, and the sec- 
ond p-type FET 132 and the first n-type FET 134 
are simultaneously enabled. In this ON/OFF state, a 

30 current output from the DC/DC converter 128 flows 
from the other terminal 22b to one terminal 22a in 
the corresponding first driving motor 22A. In this 
manner, the first driving motor 22A is rotated in the 
reverse direction. 

35 A voltage variation detection circuit 142 for 
detecting a variation in voltage output from the 
battery BA and maintaining a predetermined volt- 
age in the DC/DC converter 128 is connected to 
the DC/DC converter 128. In addition, a tempera- 

40 ture variation detection circuit 144 for maintaining 
the predetermined voltage regardless of a change 
in temperature is connected to the DC/DC con- 
verter 128. In this embodiment, since the DC/DC 
converter 128 serving as the voltage regulator is 

45 connected to the voltage variation detection circuit 
142 and the temperature variation detection circuit 
144, it can maintain a predetermined voltage with- 
out changing its output voltage against a variation 
In voltage from the battery BA and a variation in 

50 temperature. 

Furthermore. in this embodiment, a control 
switch 146 for enabling/disabling power supply to 
the first driving motor 22A and the first CPU 30A 
via the first motor driver 126A is interposed be- 

55 tween the battery BA and the DGIDC converter 
128. The third CPU 300 is connected to the control 
terminal of the control switch 146, and the third 
CPU 300 outputs the power supply cut signal to 

22 
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the control switch 1 46. 

The control switch 146 comprises a release 
switch, and is normally biased in a closed state. In 
this closed state, the battery BA is directly con- 
nected to the DC/DC converter 128 to allow a s 
driving operation of the first driving motor 22A. The 
control switch 146 is opened in response to the 
power supply cut signal output from the third CPU 
30C, and the battery BA is disconnected from the 
DC/DC converter 128. so that no current can be w 
supplied to the first CPU 30A and the first driving 
motor 22A. More specifically, the driving operation 
of the first driving motor 22A is inhibited. 

A control sequence in the control unit 30 will 
be described below with reference to Rgs. 19A to is 
27. 

The main routine in the third CPU 300 for 
controlling the entire apparatus will be described 
below with reference to Figs. 19A and 19B. 

In step S10, the control waits for an ON opera- 20 
tion of the ignition switch (not shown). When the 
ignition switch is tumed on, a detailed control op- 
eration is started as follows. More specifically, in 
step SI 2. all the variables are initialized. In this 
initialization, "1" is set in a flag F (F) (to be 25 
described later), and a system fail judgment timer 
and a fail judgment signal output timer are reset. In 
step SI 4, start signals are output to the first and 
second CPUs 30A and 30B» so that the two CPUs 
30A and 30B are started at substantially the same 30 
timings. As will be described in detail later, the two 
CPUs 30A and 30B start their control sequences 
upon reception of these start signals. Note that 
once the start signal is output, it is kept latched in 
a destination unless the ignition switch is turned 35 
off. 

Thereafter, the flow advances to step SI 6. and 
a control inhibitor signal output from the control 
inhibitor switch 32b of the select switch 32, i.e., a 
travel range signal SRi indicating a travel range 40 
presently set in the automatic transmission mecha- 
nism 12 is read. 

In step SI 8. it is checked if the read travel 
range signal SRi indicates the parking range "P". If 
NO in step SI 8, i.e.. if it is determined that a travel 45 
range other than the parking range "P" is set in the 
automatic transmission mechanism 1 2. the flow ad- 
vances to step S20 to execute normal control, and 
a power supply cut signal is output to the control 
switch 146 in the second motor driver 126B con- so 
stituting the second control system, thus inhibiting 
the driving operation of the second driving motor 
22B. Subsequently, step S22 is executed. 

More specifically, when a travel range other 
than the parking range "P" is set in the automatic 55 
transmission mechanism 12. the driving operation 
of the second driving motor 22B is inhibited, and 
only the first driving motor 22A is driven although 



the first CPU 30A and the second control system 
similarly execute the control operations. 

If YES in step SI 8. i.e.. if It is determined that 
the parking range "P" is set in the automatic trans- 
mission mechanism 12. the flow skips step 820 to 
execute exceptional control, and step 822 is ex- 
ecuted. 

More specifically, when the parking range "P" 
is set in the automatic transmission mechanism 12, 
the first CPU 30A and the second control system 
similariy execute the control operations, and both 
the first and second driving motors 22A and 22B 
are driven without inhibiting the driving operation of 
the second driving motor 22B. 

The exceptional control which skips step 820 is 
ended when NO is determined in step 818. i.e.. 
when the control inhibitor signal indicating the park- 
ing range "P" output from a contact corresponding 
to the parking range "P" of the control inhibitor 
switch 32b of the select switch 32 is stopped, and 
the control mode is then switched to normal control 
for executing step 822 via step 820. 

In this manner, in this embodiment, only when 
the parking range "P" is set in the automatic trans- 
mission mechanism 12. the two driving motors 22A 
and 22B are driven, and execute an operation for 
disengaging a travel range from the parking range 
"P" in cooperation with each other. As a result, in a 
switching operation from the parking range "P" to 
another travel range, which operation requires a 
larger switching driving torque than that in a case 
wherein a travel range other than the parking range 
"P" is switched to another travel range, the driving 
torques of the first and second driving motors 22A 
and 22B are combined, and are output from the 
output shaft 24. Thus, in the automatic transmission 
mechanism 12, a travel range can be reliably 
switched from the parking range "P" to another 
travel range. 

When a travel range is switched from a travel 
range other than the parking range "P" to another 
travel range, one driving motor 22A or 228 need 
only be driven, and as a result, a maximum driving 
torque of the driving motor 22A or 228 can be 
smaller than that in a case wherein a switching 
operation from the parking range "P" to another 
travel range Is perfonmed by a single driving motor. 
In addition, power consumption required when a 
travel range is switched from a travel range other 
than the parking range "P" to another travel range 
can be decreased, and a load on the battery BA 
can be reduced. 

In particular, in this embodiment, when the first 
CPU 30A as the main CPU system-fails, the sec- 
ond CPU 308 as the sub CPU controls the driving 
control system instead to switch the travel range of 
the automatic transmission mechanism 12. Since 
the second driving motor 228 arranged for a fall- 
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safe operation is driven at least wlien a travel range 
is switched from the parking range "P" to another 
travel range, the driving system of the second 
driving motor 22B can be reliably prevented from, 
e.g., being rusted and locked. In addition, since the 
switching operation from the parking range "P" to 
another travel range can be reliably executed, it 
can be confirmed that the second driving motor 
22B is satisfactorily driven, thus guaranteeing reli- 
able execution of a system fail-safe operation even 
if the first CPU 30A system-fails. 

In step S22 described above, it is checked if a 
system failed state occurs in the first CPU 30A. In 
step S24. it is checked if a system failed state 
occurs in the second CPU 30B. These system fail 
judgment operations have substantially the same 
sequence, and an operation for deter. nining a sys- 
tem failed state in the first CPU 30A wilt be de- 
scribed below as a subroutine with reference to 
Fig. 23. In this case, a description of an operation 
for determining a system failed state in the second 
CPU 30B will be omitted. If It Is determined that the 
first CPU 30A system-falls. "1" Is set in a flag F 
(1 F) indicating that the first CPU 30A system-falls. 
If it is determined that the second CPU 308 
system-fails, "1" is set in a flag F {2F) indicating 
that the second CPU 30B system-fails. 

After the system fail judgment routine for the 
second CPU 308 is executed in step S24, it is 
checked in step S2B if the first CPU 30A system- 
fails. In step S26, it is checked based on whether 
or not "1 - Is set in the flag F (1 F) if the first CPU 
30A system-fails. If NO in step S26. i.e.. if it Is 
determined that "0" is set in the flag F (1 F), and no 
system failed state occurs In the first CPU 30A, It 
is checked in step S28 If the second CPU 308 
system-fails. 

It is checked In step S28 based on whether or 
not "1" is set in the flag F (2F) if the second CPU 
30B system-fails. If NO In step 828. I.e., if it is 
determined that "0" is set in the flag F {2F), and no 
system failed state occurs in the second CPU 30B. 
since It can be determined that a system failed 
state occurs in neither the first CPU 30A nor the 
second CPU 30B, the third CPU 30C executes a 
fall judgment signal output operation for outputting 
a system fail judgment signal indicating its own 
syc^tem failed state, e.g., a runaway state. There- 
after, the flow returns to step 816. and a control 
sequence from step 816 and subsequent steps is 
repetitively executed. 

The system fail judgment signal Is output to 
the first and second CPUs 30A and 30B, and the 
first and second CPUs 30A and 308 always moni- 
tor the system failed state of ti^e tiiird CPU 30C. 
The fall judgment signal output operation in step 
830 will be described in detail later with reference 
to Figs. 22A and 228 as a subroutine. 



OCID: <EP 0444876A1 I > 



If YES in step S26. i.e., if it is determined that 
"1" Is set in the flag F (IF), and a system failed 
state occurs in the first CPU 30A, a first system 
fail-safe operation is executed as follows. In the 
6 first fail-safe operation, in step S32, the power 
supply cut signal is output to the control switch 1 46 
of the first motor driver 126A so as to stop the 
driving operation of the first motor driver 126A 
controlled by the system-failed first CPU 30A. In 
10 this manner, the first driving motor 22A is set in a 
state wherein its driving operation is inhibited even 
when an erroneous control signal is output from the 
system-failed first CPU 30A, thus preventing dan- 
ger caused by the system-failed first CPU 30A. 
75 Thereafter, in step 834. it is checked if "I" is 

set in the flag F (2F) indicating that a system failed 
state occurs in the second CPU 308. If NO in step 
834. i.e., if it is determined that no system failed 
state occurs in the second CPU 30B, since the 
20 travel range switching operation of the automatic 
transmission mechanism 12 can be executed by 
the second driving motor 22B under the control of 
the second CPU 308. and output of the power 
supply cut signal to the control switch 146 of the 
25 second motor driver 126B is stopped. 

In this manner, when the first CPU 30A as the 
main CPU system-falls, the second driving motor 
228 is conti-olled by the second CPU 308 as the 
sub CPU to execute the switching driving opera- 
30 tion, and the travel range of the automatic transmis- 
sion mechanism 12 is switched by the second 
driving motor 22B. 

In this embodiment, since a safety driving state 
is guaranteed under a condition that the triple con- 
35 trol systems are completely operated, when the 
first CPU 30A system-fails in this manner, it is 
determined that a safety state is already impaired 
although the second CPU 308 perfectly functions 
and can execute a normal travel state. Thus, in 
40 order to cause the second CPU 308 to limit a 
travel range switching zone and to forcibly execute 
degeneration control which is set to guarantee a 
more safety travel state. "I" is set in a flag F 
(degeneration) to execute degeneration control in 
45 step 838. 

Thereafter, in step 840. a first warning opera- 
tion is executed to inform to a driver that one of the 
first and second CPUs 30A and 308 system-fails, 
and the control unit 30 starts a degeneration opera- 
50 tion. Note that tiie first warning operation includes a 
content for urging a driver to go to a nearby 
service station to repair the control unit 30 since a 
safety travel state is not guaranteed although there 
is no Inconvenience In a normal travel state at 
55 present 

In this manner, after the first warning operation 
is executed in step 840. the flow returns to step 
826. and a control sequence from step 826 and 
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subsequent steps, i.e., the first system fail-safe 
operation is repetitively executed. In other words, 
once a system failed state of the first CPU 30A is 
determined, the first system fail-safe operation is 
kept executed regardless of the travel range posi- 
tion set in the automatic transmission mechanism 
12. 

On the other hand, if YES in step S34, i.e.. if it 
is determined that the second CPU 30B has al- 
ready been system-failed, this means that the driv- 
ing operations of the first and second motor drivers 
126A and 126B are stopped upon execution of step 
S32 described above, and that a travel range 
switching operation by the operation switch 18 is 
disabled. Foi- this reason, in step S42. a second 
warning operation is executed. The second warning 
operation informs to a driver that both the first and 
second CPUs 30A and 30B cause system failure 
the travel range switching operation by the opera- 
tion switch 18 IS disabled, and a presently set 
travel range is fixed. The second warning operation 
also includes a content indicating that a travel 
range can be manuclly switched via the manual 
driving mechanism 38. if necessary. 

Note that the travel range switching disabled 
state of the operation switch 18 is canceled by 
entirely resetting the control unit 30 in such a 
manner that a vehicle is temporarily stopped, and 
the ignition switch is turned off and is then turned 
on again. 

When the reset operation is executed, a tem- 
porary system failed state can be canceled,, and a 
normal travel state can be resumed. However, 
when a system failed state occurs due to system 
down, the system failed state occurs again. 

In this manner, after the second warning opera- 
tion is executed in step S42. the flow returns to 
step S26, and a control sequence from step S26 
and subsequent steps is repetitively executed. 
More specifically, a state wherein the travel range 
switching operation by the operation switch 18 Is 
inhibited is maintained unless the above-mentioned 
reset operation is not executed. 

If YES is determined in step S28 described 
above, i.e.. if it is determined that the first CPU 30A 
is normal but the second CPU 30B system-fails, a 
second system fail-safe operation is executed as 
follows. More specifically, in the second system 
fall-safe operation, the power supply cut signal is 
output to the control switch 146 of the second 
motor driver 126B so as to stop the driving opera- 
tion of the second motor driver 126B controlled by 
the system-failed second CPU 30B in step S44. In 
this manner, the second driving motor 228 is set in 
a state wherein its driving operation is inhibited 
even when an erroneous control signal is output 
from the system-failed second CPU 30B. thus pre- 
venting danger caused by the system-failed sec- 



ond CPU 30B. 

In this manner, even when the second CPU 
30B as the sub CPU system-fails, the first driving 
motor 22A is kept controlled by the first CPU 30A 

5 as the main CPU, and the travel range of the 
automatic transmission mechanism 12 can be 
switched by the first driving motor 12A as usual. 
However, as described above, since safety travel is 
guaranteed under a condition that the triple control 

10 systems are completely operated, the flow jumps 
to step S38. and "1" is set in the flag F 
(degeneration) to force the first CPU 30A to ex- 
ecute a degeneration control operation. In step 
S40. the first warning operation is executed, and 

75 thereafter, the second system-fail safe operation is 
repetitively executed. 

The main routine in the first CPU 30A will be 
described below with reference to Rgs. 20A and 
20B. Note that the main routine in the second CPU 

20 300 is the same as that in the first CPU 30A, and 
its description will be omitted. 

In this main routine, in step S48, the control 
waits for the start signal input from the third CPU 
30C. If it is detected that the start signal is input, alt 

25 the variables are initialized in step S50. In this 
initialization, all the flags F are set to be "0", and a 
timer in a channel for detecting a system failed 
state and a timer for outputting a fail judgment 
signal are reset 

30 Thereafter, in step S52, a travel range (SR|) 

presently set in the automatic transmission mecha- 
nism 12 is read on the basis of an inhibitor signal 
(INH) from the select switch 32. In step S54, an 
"L"-level signal is output to the control terminal of 

35 the multiplexer MUX, so that signals connected to 
one input terminal group of the multiplexer, i.e., 
signals output from the second output terminals 
108a to 108f are input to the input terminals of the 
CPU. Thereafter, in step S56, a travel range (SRs) 

40 presently set at the operation switch 18 is read on 
the t)asis of the signals from the second output 
terminals 108a to 108b. 

In step S58. it is checked if "1" is set In the 
flag F (degeneration) for forcibly executing the de- 

45 generation control. If NO in step S58, i.e.. if it is 
determined that "0" is set in the flag F 
(degeneration), and no degeneration control is 
forced, step S60 is executed. 

It is checked in step S60 if the travel range 

50 (SR|) set in the automatic transmission mechanism 
12 read in step S52 coincides with the travel range 
(SRs) set at the operation switch 18 read in step 
S56. If YES in step 860, i.e.. if it is detemnined that 
the travel range (SRi) set in the automatic transmis- 

55 sion mechanism 12 coincides with the travel range 
(SRs) set at the operation switch 18. since there Is 
no need to drive the first driving motor 22A to 
switch the travel range of the automatic transmis- 
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sion mechanism 12. stop control is executed In 
step S62. The stop control In step S62 will be 
described in detail later with reference to Figs. 24A 
and 24B as a subroutine. 

Thereafter, learning control is executed In step 
S64. as will be described in detail later with refer- 
ence to Figs. 25A and 25B. Subsequently, the first . 
fail judgment operation is executed in step S66, 
The first fail judgment operation in step 866 will be 
described in detail later with reference to Fig. 26 as 
a subroutine. In step S68, a system fail judgment 
signal output from the third CPU 30C is monitored 
to determine whether or not a system failed state 
occurs in the third CPU 300. 

Since the system fail judgment operation in 
step S68 is the same as that for the first CPU 30A. 
an operation for determining whether or not a sys- 
tem failed state occurs in the first CPU 30A will be 
described later with reference to Rg. 23 as a 
subroutine » and a description of a judgment opera- 
tion of a system failed state of the third CPU 30C 
will be omitted. If it is determined that the third 
CPU 30C system-fails, "1 " is set in a flag F (3F) 
indicating that the third CPU 30C system-fails. 

Thereafter, in step S70. it is checked if the 
third GPU 30C system-fails. In step S70, whether 
or not "1" is set in the flag F (3F) is checked to 
determine if the third CPU 30C system-fails. If NO 
in step S70, i.e., if it is determined that "0" is set in 
the flag F (3F) and no system failed state occurs in 
the third CPU 30C. the flow advances to step S72. 

In step S72. a fail judgment signal output op- 
eration for outputting a system fail judgment signal 
indicating that a system failed state, e.g., a 
runaway state of itself. i.e.. the first CPU 30A is 
executed. Thereafter, the flow returns to step S52, 
and a sequence from step S52 and subsequent 
steps is executed. The fail judgment signal output 
operation in step S72 is the same as that in step 
S30 for the third CPU 30C described above, and a 
description thereof will be omitted (see Rgs. 22A 
and 22B). 

On the other hand, if YES in step S70. i.e.. if it 
is determined that "I" is set in the flag F (3F), and 
a system failed state occurs in the third CPU 30C. 
a third system fail-safe operation is executed as 
follows. More specifically, in the third system fail- 
safe operation, as described above, since safety 
travel is guaranteed in this control unit 30 under a 
condition that ail the three control systems are 
normally operated, safety travel cannot be guar- 
anteed when it is determined that the third CPU 
30C system-fails in this manner. Thus, in step S74. 
"1" is set in the flag F (degeneration) to force the 
first and second CPUs 30A and 30B to execute 
degeneration control 

In step S76. the power supply cut signal is 
output to the control switch 129 for supplying a 



power supply voltage to the third CPU 30C so as to 
stop the driving operation of the system-failed third 
CPU 300. In this manner, the driving operation of 
the third CPU 30C is stopped, and tiie power 

5 supply cut signal can no longer be output from the 
third CPU 30O to the motor drivers 126A and 126B. 
However, as described above, since the control 
switches 146 of the first and second motor drivers 
126A and 1268 are kept in the closed state unless 

10 the power supply cut signal is input thereto, the 
first driving motor 22A is driven under the control 
of the first CPU 30A. 

After step S76 is executed, the first warning 
operation is executed in step S78, The first warning 

75 operation is the same as that in step S40 described 
above, and a detailed description thereof will be 
omitted. After step S78 is executed, the flow ad- 
vances to step S72 described above. More specifi- 
cally, the third system fail-safe operation is con- 

20 stituted by steps S74, 876, and S78 described 
above. 

On the other hand. NO may be in step S60. 
i.e.. it may be determined that the travel range 
(SRi) set in the automatic transmission mechanism 
25 12 does not coincide with the travel range (SRs) 
set at the operation switch 18 in the following state. 

More specifically, when a driver operates the 
operation switch 18 to switch a travel range, and 
the next travel range adjacent to tiie old range in 
30 tiie forward or reverse direction is newly set, the 
new travel range is detenmined when the output 
ft'om the first output terminal 104 and the output 
from a corresponding one of the second output 
temr^inals 108a to 108f go to "H" level. In addition, 
35 as will be described in detail later, since tiie start 
timing of the driving motor 22 is defined by the 
rising timings of these outputs, the ranges SR| and 
SRs do not coincide with each other. 

For this reason, after a noncoincidence state is 
40 detected, when the two ranges are separated by 
only one range (i.e.. when the operation switch 18 
is operated to the neighboring travel range), the 
driving motor 22 is driven to cause the two ranges 
to coincide with each other. When tiie two ranges 
45 are separated by two or more ranges (i.e., when 
the operation switch 18 is operated to a farther 
range beyond the neighboring range), the driving 
motor 22 is controlled so that tine travel range of 
the automatic transmission mechanism 12 is set to 
50 coincide with the immediately preceding travel 
range set by the operation switch 18. 

More specifically, if NO in step S60. it is 
checked in step S80 If a flag F (monitor) for defin- 
ing a monitor range is "1". Note that the monitor 
55 range is defined between the first falling timing to 
the last rising timing of adjacent travel ranges, as 
shown in Rgs. 18A and 188. When the operation 
switch 18 IS stopped at Jhe adjacent travel range 
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position, since a noncoincidence between SR| and 
SRs has already been detected in step S60. NO is 
always determined in step S80. However, when the 
operation switch 18 is further operated beyond the 
adjacent travel range, since it enters the next moni- 
tor range, YES is inevitably determined in step 
S80. 

If NO in step S80, the forward or reverse 
direction operation of the operation switch 18 is 
determined in step S82. The forward/reverse judg- 
ment of the operation switch 18 is performed on 
the basis of a judgment result in an operation 
direction judgment routine of the operation switch 
18. which is executed at a timing when both the 
outputs from the first output terminal 104 and a 
corresponding one of the second output terminals 
108a to 108f go to "H" level in the second interrupt 
routine (to be described later). 

If the forward direction is determined in step 
S82, i.e.. if it is determined that the flag F (fonArard) 
is set, a "1" signal is output to the enable latch 
circuit ENA of the first motor driver 126A. and a 
"0" signal is output to the direction latch circuit DIR 
in step S84. As a result, the first driving motor 22A 
is driven in the forward direction, and the switching 
operation from the presently set travel range to the 
adjacent travel range In the forward direction is 
executed in the automatic transmission mechanism 
12. 

If the reverse direction is determined in step 
S82, i.e.. if it is determined that the flag F (reverse) 
is set. "1" signals are output to both the enable 
latch circuit ENA and the direction latch circuit DIR 
of the first motor driver 126A in step S86. As a 
result, the first driving motor 22A is driven in the 
reverse direction, and a switching operation from 
the presently set travel range to the adjacent travel 
range in the reverse direction is executed in the 
automatic transmission mechanism 12. 

When step S84 or S86 is executed, a second 
fail Judgment operation is executed in step S88, 
and the flow jumps to step S68 described above to 
repeat the sequence from step S68 and subse- 
quent steps. Thereafter, the flow returns to step 
S52 to execute the sequence from step S52 and 
subsequent steps. Note that the second fail judg- 
ment operation in step S88 will be described later 
with reference to Rg. 27 as a subroutine. 

In a process of repeating the sequence from 
step S52 and thereafter, when the travel range set 
in the automatic transmission mechanism 12 based 
on a driving operation of the first driving motor 22A 
is close to the next adjacent travel range but the 
travel range (SRs) set by the operation switch 18 
does not coincide with the travel range (SRi) based 
on the select switch 32 yet. NO is determined in 
step S60. and steps S80. S82. and S84 (or S86) 
are successively executed to keep driving the first 
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driving motor 22A. 

When the travel range set in the automatic 
transmission mechanism 12 is set to be the next 
adjacent travel range, the travel range (SRs) by the 

5 operation switch 18 coincides with the travel range 
(SRi) based on the select switch 32. As a result. 
YES is determined in step S60. Therefore, the 
sequence from step 862 is executed, and the first 
driving motor 22A is stopped upon execution of 

70 step S62. 

If YES in step S80. i.e.. if it is determined that 
the operation switch 18 enters the next monitor 
range beyond the adjacent travel range, the travel 
range (SR|) presently set in the automatic transmis- 

75 sion mechanism 12 is read based on the inhibitor 
signal (INH) from the select switch 32 in step S90. 

In step 892. the immediately preceding travel 
range (SRs-i) set by the operation switch 18 is 
read. More specifically, the travel range (SRs.i) is 

20 defined by the travel range located immediately 
behind the monitor range in the operation direction 
where the operation switch 18 enters. Whether or 
not this travel range (SRs.i) is adjacent to the travel 
range (SRi) presently set in the automatic trans- 

25 mission mechanism 12 is not concerned, and when 
the operation switch 18 Is immediately operated, 
the operation of the automatic transmission mecha- 
nism 12 is relatively delayed, and the abowe ranges 
may be separated by two or more travel ranges. 

30 In step 694, it is checked if the travel range 
(SRi) read in step 880 and presently set in the 
automatic transmission mechanism 12 coincides 
with the immediately preceding travel range (SRs.i) 
read in step S82 and set by the operation switch 

35 18. If NO in step 894. the flow jumps to step 882. 
and the first driving motor 22A is kept driven: 
otherwise, i.e., if it is determined that the travel 
range (SR|) presently set in the automatic transmis- 
sion mechanism 12 coincides with the immediately 

40 preceding travel range (8Rs.i) set by the operation 
switch 18. the flow jumps to step 862 to execute 
stop control, thereby stopping the driving operation 
of the first driving motor 22A. 

In this manner, as long as the operation switch 

45 18 Is located within the monitor range, the travel 
range in the automatic transmission mechanism 12 
is stopped at an immediately preceding travel 
range (SRs-i) set by the operation switch 18. and a 
travel range can be reliably prevented from over- 

50 shooting that to be set by the operation switch 18. 

More specifically, according to this embodi- 
ment, as will be described later, only the operation 
direction of the operation switch 18 is read before a 
target stop position of the operation switch 18 is 

55 determined, and the first driving motor 22A is start- 
ed according to the read operation direction to 
execute the switching operation in the automatic 
transmission mechanism 12 so that the travel range 
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switching operation is executed in quick response 
to the operation of the operation switch 18. 

As a result, since no stop signal of the first 
driving motor 22A is output in the above-mentioned 
monitor range, if the operation switch 18 is op- 
erated very slowly in this monitor range, the travel 
range switching speed by the first driving motor 
22A exceeds the operation speed of the switch 18. 
and the travel range set in the automatic transmis- 
sion mechanism 12 overtakes that set by the op- 
eration switch. Thus, an uncontrollable state may 
occur. 

More specifically, assume that the operation 
switch 18 Is quickly operated from the neutral 
range position "N" to a monitor range located 
between the forward drive range "D" and the for- 
ward 2nd-speed range "2" beyond the forwatJ 
drive range "D". and is then operated very slowly 
in this monitor range. In this case, when the opera- 
tion switch 18 passes the forward drive range '*D". 
the first CPU 30A outputs a driving signal to rotate 
the first driving motcr 22A in the forward direction, 
if no proper measure is adopted at all in this state, 
since no stop condition is established as long as 
the operation switch 18 stays in the monitor range 
between the forward drive range "D" and the for- 
ward 2nd-speed range "2". the first driving motor 
22A is kept driven while the switch 1 8 is located in 
this monitor range, and the travel range set in the 
automatic transmission mechanism 12 is sequen- 
tially switched in the forward direction. 

As a result, when the driver stops the operation 
switch 18 at the forward 2nd-speed range position 
"2* and wants to switch the travel range position to 
the forward 2nd-speed range "2". the forward 1st- 
speed range "1" is undesirably set beyond the 
forward 2nd-speed range "2" in the automatic 
transmission mechanism 12. That is. the travel 
range set by the operation switch 18 does not 
coincide with the travel range set in the automatic 
transmission mechanism 12, and a failed state oc- 
curs. 

However, as described above, according to this 
embodiment, as long as the operation switch 18 is 
located within the monitor range, the travel range in 
the automatic transmission mechanism 12 is stop- 
ped at the immediately preceding travel range set 
by the operation switch 18. and this travel range is 
temporarily set. Therefore, the travel range in the 
automatic transmission mechanism 12 can be reli- 
ably prevented from overshooting a travel range to 
be set by the operation switch 18. 

While the operation switch 18 is operated with- 
in the monitor range, a control loop is executed 
such that NO is determined in step S60 via steps 
S52 to S58. YES is determined in step S80. NO is 
determined in step S94 via steps S90 and S92. and 
then the flow returns to step 852 via steps S62. 



S84 (or Sti8), S88, and S68. As will be described 
later, however, since it is very abnormal to operate 
the operation switch 18 to stay within the monitor 
range for a long period of time, when a stay time of 

5 the operation switch 18 in the monitor range ex- 
ceeds a predetermined period of time, a fourth 
failed state is satisfied, and a fourth fail-safe opera- 
tion is executed. 

On the other hand, when the operation switch 

10 18 is further operated and enters the next travel 
range setting position to fall outside the monitor 
range. NO is determined in step S60 at that time, 
and steps S82 and S84 (or S86) are executed to 
drive the first driving motor 22A in the same man- 

15 ner as in a case wherein the operation switch 18 is 
switched to the adjacent travel range. Thereafter, 
steps S88. S68. S70, S72, S52. S54. and S56 are 
executed, and decision step S60 is then executed 
again. Since the travel range in the automatic trans- 

20 mission mechanism 12 catches up that set by the 
operation switch 18, YES is determined in step 
860, and steps S62, S64, 866. S68.... are executed 
to stop the first driving motor 22A. 

On the other hand, when the third CPU 30C 

25 system-fails, and "1" is set in the flag F 
(degeneration) in step S74 described above, or 
when the third CPU 30C detects that the first or 
second CPU 30A or 30B system-fails, and "1" is 
set in the flag F (degeneration) in step 838 in the 

30 main routine of the third CPU 30C. degeneration 
control is started. When "1" is set in the flag F 
(degeneration) in this manner, since YES is deter- 
mined in step S58, the flow advances to step S96, 
and degeneration control is executed in step S96. 

35 In this degeneration control, as shown in Rg. 

21 . in step S96A, both travel range signals SRi and 
SR2 indicating the forward Ist-speed range "1" 
and the forward 2nd-speed range "2" of the travel 
ranges set by the operation switch 18 are con- 

40 trolled to be a pseudo travel range signal SRo 
indicating the forward drive range "D". and in step 
S96B, a travel range signal SRp indicating the 
parking range "P" is controlled to be a pseudo 
travel range signal SRn indicating the neutral range 

45 "N". In addition, in step S96C. an operation for 
decreasing an engine output is executed. After a 
pseudo control operation is executed as the degen- 
eration control operation, the flow returns to step 
S60. 

50 More specifically, in this degeneration control, 

travel ranges switched by the operation switch 18 
are lim'rted to three ranges, i.e.. the forward drive 
range "D", the neutral range "N", and the reverse 
range "R". As a result, the forward Ist-speed range 

55 "1", the forward 2nd-speed range "2", and the 
paricing range "P" cannot be set in the automatic 
transmission mechanism 12. and even when the 
forward ist-speed range "1" or the fonvard 2nd- 
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speed range "2" is set by the operation switch 18, 
the automatic transmission mechanism 12 is forced 
to set the forward drive range "D". Even when the 
parking range "P" is set by the operation switch 
18. the automatic transmission mechanism 12 is 
forced to set the neutral range "N". In this manner, 
the travel range switching operation in the auto- 
matic transmission mechanism 12 is limited, thus 
assuring safety travel. 

The operation for decreasing the engine output 
is executed by forcibly prolonging a fuel injection 
timing or forcibly decreasing a fuel injection 
amount in an engine adopting a fuel injection sys- 
tem. As a result, a maximum velocity of a vehicle 
is limited to. e.g.. 30 km/h. Since the engine output 
is forcibly decreased in the degeneration control, 
even when the driver does not notice the first 
warning operation, and keeps driving a vehicle as 
usual, he or she can reliably recognize an ab- 
normal state since the travel velocity is decreased. 
Thus, the driver is forced to travel a vehicle to a 
service station, and even when another CPU 
system-fails, he or she can safely stop the vehicle. 

In this manner, the degeneration control is ex- 
ecuted in step S96, thus reliably guaranteeing safe- 
ty travel of the vehicle. 

As described in detail above, as shown in the 
main routine of the first CPU 30A. the travel range 
of the automatic transmission mechanism 12 is set 
to reliably coincide with the travel range set at a 
stop position of the operation switch 18. 

As has already been described above, since 
the control sequence of the main routine in the 
second CPU 30B is the same as that in the first 
CPU 30A. a description thereof will be omitted. 

A subroutine of a fail judgment signal output 
operation in step S30 shown in Fig. 19B will be 
described below with reference to Figs. 22A and 
228. 

This subroutine outputs a system fail judgment 
signal having a predetermined pulse width (e.g., 
100 fis) at a predetermined time interval (e.g., 10 
ms), as shown in Rg. 22B. as long as the third 
CPU 30C normally and repetitively executes its 
control sequence. In other words, if this third CPU 
30C runs away, and can no longer normally ex- 
ecute the control sequence, the above-mentioned 
system fail judgment signal is kept output or is not 
output at all. Therefore, the first or second CPU 
30A or 308 always monitors the system fail judg- 
ment signal output from the third CPU 30C. More 
specifically, the first or second CPU 30A or 308 
measures a pulse width of the system fail judgnfient 
signal, i.e.. a high-level period, and an output inter- 
val, i-e.. a time between two adjacent leading 
edges to "H" level. When the first or second CPU 
30A or 30B determines that these data exceed 
their allowable variation ranges, it determines that 



the third CPU 30C system-fails, and sets "1 " in the 
flag F (3F) indicating that the third CPU 30C 
system-fails. 

The control sequence of the fail judgment sig- 

5 nal output operation will be described below with 
reference to Rg. 22A. 

In an initialized state in step SI 2 described 
above, an output state of this system fail judgment 
signal is set to be "H" level, and a first timer for 

10 generating the signal is reset to start a count-up 
operation. In this state. In step SI 00, it is checked 
if the output state of the system fail judgment 
signal is "L" level. Immediately after this control 
sequence is started. NO is normally determined in 

75 step SI 00, and it is checked in step SI 02 if 100 fis 
have elapsed after the first timer Is reset. If NO in 
step S102. i.e.. if it is determined that 100 fts have 
not elapsed yet after the first timer is reset, the 
control sequence returns to the original main rou- 

20 tine. 

On the other hand, if YES in step SI 02, i.e.. if 
it is determined that 100 ms have elapsed after the 
first timer is reset, the flow advances to step SI 04. 
and an output state is switched from "H" level to 

25 "L" level. Thereafter, the control operation returns 
to the original main routine. 

If YES in step SI 00. i.e.. if it is determined that 
the output state is "L" level, the flow advances to 
step S106 to check if 10 ms have elapsed after the 

30 first timer is reset If NO in step SI 06, i.e.. if it is 
determined that 10 ms have not elapsed yet after 
the first timer is reset, the control sequence returns 
to the original main routine. 

On the other hand, if YES is detenmined in step 

35 SI 06. i.e., if it is determined that 10 ms have 
passed after the first timer is reset, the flow ad- 
vances to step SI 08, and the output state is 
switched from "L" level to "H" level. After the timer 
is reset in step S1 10, the control operation returns 

40 to the original main routine. 

In this manner, steps SI 00 to S1 10 are ex- 
ecuted to output a predetermined system fail judg- 
ment signal, as shown in Rg. 228. 

The fail judgment signal output operation 

45 shown in Rg. 22A is the same as that in step S72 
for the first CPU 30A, and hence, is the same as 
that executed in the second CPU 308. For this 
reason, a description of the fail judgment signal 
output operation executed In the first and second 

50 CPUs 30A and 30B will be omitted. 

The system fail judgment operation of the first 
CPU 30A in step S22 in Rg. 19A will be described 
below with reference to Fig. 23. 

In this system fail judgment operation, the sys- 

55 tem fail judgment signal output from the first CPU 
30A by the above-mentioned fail judgment signal 
output operation is always monitored. When it is 
determined that the output state of the system fail 
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judgment signal is changed between "H" level and 
"L" level within a predetermined allowable range, it 
can be determined that the first CPU 30A does not 
suffer from system failure, and executes a normal 
control operation. 

In this embodiment, the above-mentioned al- 
lowable range is set to be ±20%. As a result, if "H" 
level is changed (falls) to "L" level within a range 
of 80 /is to 120 MS after the timer is reset, it is 
determined that the CPU is normal. On the other 
hand, if "L" level is changed (raised) to "H" level 
within a range of 8 ms to 12 ms after the timer Is 
reset. It is determined that the CPU is normal. 

The timer used in this judgment operation is 
reset by an initialization operation executed when 
the third CPU 30C is started, and executes a time- 
up count operation. More specifically, the first and 
second CPUs 30A and SOB. and the first and third 
CPUs 30A and 30C exchange the system fail judg- 
ment signals each other, and always monitor 
whether or not the other CPU system-falls, as 
shown in Rg. 17C. The timers for outputting the 
system' fail judgment signals and timers for deter- 
mining whether or not a system failed state occurs 
are reset at substantially the same time when the 
main corresponding routines are started, and start 
count-up operations. 

When the system fail judgment operation is 
started, it is checked in step SI 20 if the present 
output state is "L" level. If NO in step SI 20. i.e.. if 
it is determined that the present output state is "H" 
level. It is then checked in step S122 if 120 fis 
have elapsed after the timer is reset. If NO in step 
SI 22. i.e.. if it is determined that 120 fis have not 
elapsed yet after the timer is reset, it is checked in 
step 8124 if the output state is changed from "H" 
level to "L" level. 

If NO in step SI 24, i.e.. if it is detemnined that 
the output state is not changed from "H" level to 
"L" level before 120 nS elapse after the timer is 
reset, an abnormal state should not be determined. 
Therefore, the control sequence returns to the main 
routine. 

On the other hand, if YES in step SI 22, i.e., if 
it is determined that the output level is not changed 
from "H" level to "L" level after 120 fis have 
elapsed after the timer is reset, it is determined 
that the first CPU 30A is abnormal. Thus, in step 
Si 26. "1" is set in the flag F (IF) indicating that 
the first CPU 30A system-fails, and the control 
sequence returns to the main routine. 

Only step SI 26 is different from tiie system fail 
judgment routine in the first and second CPUs 30A 
and 308. In step 3126 of these CPUs 30A and 
30B, "1 " is set in tiie flag F (3F) indicating that the 
third CPU 30C as an object to be judged system- 
fails. In step S24 of the third CPU 30C. whether or 
not the second CPU 30B system-fails is checked. 
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In this step S24, a control sequence other than 
step 8126 is the same as that in step 822 shown in 
Rg. 23. In step SI 26 in step 824, "1" is set in the 
flag F (2F) indicating that the second CPU 308 as 

5 an object to be judged system-fails. 

If YES is determined in step SI 24, I.e., if it is 
determined that the output level is changed from 
"H" level to "L" level before 120 /ts elapse after 
tiie timer is reset, the flow advances to step SI 28 

10 to check if the level is changed after 80 /ts have 
elapsed after the timer is reset If YES in step 
SI 28. i.e., if it Is determined that the output level is 
changed from "H" level to "L" level after 80 ^^s 
have elapsed after the timer is reset, this means 

75 that the change in output level occurs within a 
range of 80 ^s to 120 fts after the timer is reset. 
Therefore, it is determined that this change in 
output is normal, and the control sequence returns 
to the main routine. 

20 On the other hand, if NO is determined in step 

8128, i.e., if it is determined that the output level is 
changed before 80 /cs elapse after the timer is 
reset, it is determined that the first CPU 30A is 
abnormal, and the flow advances to step 8126. In 

25 step SI 26, "1" is set in the flag F (IF) indicating 
that the first CPU 30A system-fails, and the control 
sequence returns to the main routine. 

If YES is determined in step SI 20 described 
above, i.e.. if it is determined that the present 

30 output level is "L" level, the flow advances to step 
8130 to check if 12 ms have elapsed after the 
timer is reset. If NO in step Si 30, {.e., if it is 
determined that 12 ms have not elapsed yet after 
the timer is reset it is checked in step 8132 if the 

35 output level is changed from "L" level to "H" level. 

If NO in step S132, i.e., if it is determined tiiat 
the output level Is not changed from ''I" level to 
"H" level before 12 ms elapse after the timer is 
reset, it should not be determined that tiie CPU is 

40 abnormal, and the control sequence returns to the 
main routine. 

If YES in step SI 30. i.e., if it is detemiined that 
the output level is not changed from "L" level to 
"H" level after 12 ms have elapsed after the timer 

45 is reset, it is determined that the first CPU 30A is 
abnormal, and the flow advances to step S126 
described above. In step Si 26. "1" is set in the 
flag F (IF) indicating that tiie first CPU 30A 
system-fsiils, and the control sequence returns to 

50 the main routine. 

If YES in step 8132, i.e.. if It is determined that 
the output level is changed from "L" level to "H" 
level before 12 ms elapse after the timer Is reset, 
the flow advances to step 8134 to check if 8 ms 

55 have elapsed after the timer is reset If YES in step 
S134. i.e.. if it is determined that the output level is 
changed from "L" level to "H" level after 8 ms 
have elapsed after the timer is reset, this means 

30 
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that the change in output level occurs within a 
range of 8 ms to 12 ms after the timer is reset, and 
it is detemrtined that this change in output is nor- 
mal. Thus, the timer is reset in step S136, and the 
control sequence then returns to the main routine. 

On the other hand, if NO in step S134. i.e.. if it 
is determined that the output level is changed 
before 8 ms elapse after the timer is reset, it is 
determined that the first CPU 30A is abnormal, and 
the flow advances to step S126 described above. 
In step SI 26. "1 " is set in the flag F (1 F) indicating 
that the first CPU 30A system-fails, and the control 
sequence returns to the main routine. 

Since the system fail judgment routine is pro- 
grammed in this manner, whether or not the first 
CPU 30A as an object to be judged system-fails 
can be reliably determined. 

A stop control subroutine in step S62 in the 
main routine of the first CPU 30A will be described 
in detail below with reference to Figs. 24A and 
24B. 

In this stop control, sequences according to 
two stop modes are executed. More specifically, in 
one stop mode wherein a travel range indicated by 
the operation switch 18 coincides with a travel 
range set in the automatic transmission mechanism 
12 when the first driving motor 22A is kept stop- 
ped, since a coincidence state continues, control is 
made to maintain the stop state. 

In the other stop mode wherein the travel range 
set in the automatic transmission mechanism 12 is 
caused to coincide with the travel range indicated 
by the operation switch 18 as a result of the driving 
operation of the first driving motor 22A. control for 
stopping the first driving motor 22A at the travel 
range position set in the automatic transmission 
mechanism 12 is performed. 

More specifically, if YES is determined in step 
860 in the main routine of the first CPU 30A. the 
stop control is started. As shown in Fig. 24A. it is 
Checked in step S62A if "l" is set In a flag (T) 
indicating a set state of a timer (to be described 
later). If NO in step S62A. i.e.. if it is determined 
"1 " is not set in the flag (T). and the timer does not 
execute a count operation, the flow advances to 
step S62B to check if a "1 " signal Is output to the 
enable latch circuit ENA. 

If NO in step S62B, i.e., if it is detemnined that 
YES is determined in step S60 not as a result of 
the driving operation of the first driving motor 22A 
upon operation of the operation switch 18 but since 
a travel range indicated by tiie operation switch 18 
is kept coinciding with a travel range set in the 
automatic transmission mechanism 12. the first 
driving motor 22A need not be driven. Therefore, a 
flag F (forward) indicating that the operation switch 
18 is operated in the fonward direction is reset in 
step S62G. and a flag F (reverse) indicating that 
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the operation switch 18 is operated in the reverse 
direction is reset in step S62D. In step S62E. a "0" 
signal is output to the enable latch circuit ENA of 
the first motor driver 126A, and the flow returns to 

5 the main routine. As a result, the driving operation 
of the tirst driving motor 22A is kept disabled. 

On the other hand, if YES in step S62B. i.e.. if 
it is determined that YES is determined in step S60 
as a result of the driving operation of the first 

10 driving motor 22A upon operation of the operation 
switch 18, the driving operation of the first driving 
motor 22A must be stopped, and a travel range in 
the automatic transmission mechanism 12 must be 
caused to precisely coincide witii a new travel 

75 range set by the operation switch 18. For this 
purpose, in a sequence from step S62F. a direction 
of a cun-ent ftowing through the first driving motor 
22A is reversed for a predetermined period of time, 
and tiie first driving motor 22A is braked by tiiis 

20 reverse current. In this manner, control is made so 
tiiat the driving motor 22A can be reliably stopped 
in a travel range where a coincidence is deter- 
mined in step S60. 

It is checked in step S62F if a "0" signal is 

25 output to ttie direction latch circuit DIR. If YES in 
step S62F. a "I" signal is output to the direction 
latch circuit DIR In step S62G; otherwise, i.e.. if it is 
determined that tiie "1" signal is output to the 
direction latch circuit DIR. a "0" signal is output to 

30 tiie direction latch circuit DIR in step S62H. 

After the rotational direction of the first driving 
motor 22A is reversed in this manner, a timer T is 
set in step 8621. When the timer T is set. a count- 
up operation for a predetermined time t (to be 

35 described later) is started. In step S62J. "1" is set 
in the flag (T) indicating that the timer T is set, and 
the flow returns to the main routine. 

If YES is detennined in step S60 in tiie main 
routine, and if YES is determined in step S62A in 

40 the stop control subroutine, in other words, when 
the first driving motor 22A is braked and stopped 
by the temporary reverse current, it is checked in 
step S62K if a time set in the timer T has passed 
so as to measure the energization time of the 

45 reverse cun-ent. If NO in step S62K, i.e., if it is 
determined that tiie time set in the timer T has not 
passed yet. the flow returns to the above-men- 
tioned main routine, and \he reverse current is kept 
supplied to the first driving motor 22A to brake it. 

50 If YES in step S62K. i.e.. if it is determined tiiat 

tiie time set in tiie timer T has passed, and the 
energization period of the reverse current is ended. 
"0" is set in the flag (T) in step S62L. i.e.. the flag 
is reset, and the flow advances to step S62C. 

55 Then, steps S62C to S62E are sequentially ex- 
ecuted, thereby stopping the driving operation of 
the first driving motor 22A. In a state wherein the 
first driving motor 22A is stopped in this manner, 

31 
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the flow returns to the main routine. 

A detailed operation for precisely positioning 
and stopping a travel range, which Is being 
switched in the automatic transmission mechanism 
12 under the above-mentioned stop control of the 
CPU. at a target travel range position set by the 
operation switch 18 will be described below. 

More speciffcafly, in order to set a target travel 
range of the operation switch 18. a stop time of the 
operation switch 18 stopped at a given travel range 
position is monitored, and when this stop time 
exceeds a predetermined period of time, the travel 
range at the stop position Is determined as a target 
travel range. When the determined target travel 
range is separated from a travel range presently 
set In the automatic transmission mechanism 12 by 
two or more ranges, the first driving motor 22A is 
braked by energizing it to rotate in a direction 
opposite to a rotational direction so far for a pre- 
determined period of time when a control inhibitor 
signal Is output from the target travel range control 
inhibitor switch 32b. Thus, the first driving motor 
22A is precisely stopped and held at the target 
travel range position in a mechanically restrained 
state by the above-mentioned detent mechanism 
76, a detent mechanism (not shown) in the manual 
driving mechanism 38. and the detent mechanism 
62H equipped in the select switch 32 itself. 

More specifically, as shown in Rg. 24B. when 
a constant braking time is set. a deceleration of the 
first driving motor 22A can be kept constant. As 
described above, a voltage applied to the first 
driving motor 22A is maintained at a predetermined 
value by the DC/DC converter 128, and as a result, 
a driving torque can be kept constant. Therefore, 
the driving velocity can be kept constant. More 
specifically, since both the driving velocity and the 
deceleration are constant, a moving distance L 
from when the braking operation is started until the 
switching rod 16a of the hydraulic valve 16 is 
stopped can be kept constant regardless of the 
travel ranges, and a switching operation starting 
from any travel range. 

As a result, when each of the contacts Sp, Sr, 
Sn. So. S2. and Si are fonmed such that their two 
edges are located at positions extending from the 
center CP of each of the detent recess portions 
33a to 33f conresponding to the respective travel 
ranges by the distance L in the two travel direc- 
tions, a target travel range indicated by the opera- 
tion switch 18 can be precisely set In the automatic 
ti-ansmission mechanism 12. 

The first driving motor 22A is controlled in this 
manner, so that the travel range in the automatic 
transmission mechanism 12 precisely coincides 
with the travel range set by the operation switch 
18. However, the first driving motor 22A may over- 
shoot or undershoot under various conditions (e.g.. 
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initial variations in members, initial variations in 
mounting states, variations caused by aging, and 
tiie like), and a travel range in the automatic trans- 
mission mechanism 12 cannot often be precisely 

5 defined. 

The overshoot or undershoot state of the first 
driving motor 22A is detected on the basis of an 
output from a potentiometer connected to the first 
driving motor 22A. and an overshoot or undershoot 

10 amount is also measured. In particular, in the first 
stop control operation after the engine is started, a 
variation in torque occurs due to the above-men- 
tioned conditions, and the motor tends to overshoot 
or undershoot. For this reason, after the first stop 

IS contirol operation after the engine is started is ex- 
ecuted, learning control for changing initial param- 
elers is specially executed, as shown in step S64. 

Prior to the description of the learning control, 
duty control for the first driving motor 22A will be 

20 described below. More specifically, in this embodi- 
ment, an energization current to the first driving 
motor 22A is duty-driven at a duty ratio DUTY 
whose initial value is set to be, e.g., 75% so as to 
cope with a variation in driving torque while the 

25 energization voltage is kept constant, as described 
above. The duty ratio DUTY is given by: 

DUTY^ (f-r)/f 

30 where t is the non-energization time when a pre- 
determined reference time is represented by t as 
shown In Rg. 25B. More specifically, when the 
non-energization time t is prolonged, an energiza- 
tion time essentially serving as a driving torque is 

35 shortened, and a driving velocity is decreased. 
When the non-energization time r is shortened, the 
energization time essentially serving as the driving 
torque is prolonged, and the driving velocity is 
increased. 

40 In a state wherein the first driving motor Is 

duty-controlled in this manner, when the stop con- 
trol is executed in step S62 in the main routine, the 
learning control is started, and it is checked in step 
S64A in Rg. 25A if the stop confrol executed in 

45 immediately preceding step S62 is the first stop 
control after the engine is started. If NO in step 
S64A, i.e., if it is determined that tiie stop control 
executed in immediately preceding step 882 is not 
tile first stop control after the engine is started but 

50 is at least the second one, an operation for chang- 
ing initial values is already completed, and the 
control immediately returns to the main routine to 
skip this learning control. 

However, if YES in step S64A. i.e.. if it is 

55 determined tiiat the stop control executed in imme- 
diately preceding step S62 is the first stop control 
after the engine is started, a stop position of a 
target travel range is read on the basis of an output 

32 
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value from the encoder 36A connected to the first 
driving motor 22A in step S64B. In step S64C, the 
central position CP of the target travel range is 
read. In step S64D. the position data read in steps 
S64B and S64C are compared to check if the stop 
position overshoots the target position. 

If YES in step S64D. i.e.. if it is determined that 
the stop position overshoots, an overshoot amount 
Dover is calculated based on a difference between 
the read data in step S64E. In step S64F, the 
above-mentioned non-energization time t is cor- 
rected on the basis of the calculated overshoot 
amount Dover, and a correction time Ar for making 
the overshoot amount Dover zero Is calculated. 
After the correction time At is calculated in this 
manner, the correction time At is added to the 
non-energization time t in step S64G to shorten the 
essential energization time, thereby essentially de- 
creasing the torque output from the* first driving 
motor 22A. Since the output torque of the first 
drivi'ig motor 22A is decreased in this manner, the 
stop position and the central position of the target 
travel range can precisely coincide with each other 
in the next stop control. After the non-energization 
time T is corrected in this manner in step S64G, 
the flow returns to the main routine. 

On the other hand, if NO in step S64D. i.e., if it 
is determined that the stop position does not over- 
shoot, step S64H is executed. In step S64H. the 
position data read in steps S64B and S64C are 
compared to check if the stop position undershoots 
the target position. If NO in step S64H, since it is 
determined that the stop position causes neither 
overshoot nor undershoot, and the initial value of 
the above-mentioned duty ratio is correct, the con- 
trol operation is ended without correcting the initial 
value- The flow then returns to the main routine. 

However, if YES in step S64H. an undershoot 
amount Dunder »s calculated based on a difference 
between the two read values in step S64I. In step 
S64J, the above-mentioned non-energization time t 
is corrected based on the undershoot amount 
Dunder. anci a correction time At for making the 
undershoot amount Dunder zero is calculated. After 
the correction time At is calculated in this manner, 
the correction time At is subtracted from the non- 
energization time T to increase an essential ener- 
gization time in step S64K. thereby essentially in- 
creasing the torque output from the first driving 
motor 22A. 

More specifically, since the output torque of 
the first driving motor 22A is increased in this 
manner, the stop position and the central position 
of the target travel range can precisely coincide 
with each other in the next stop control. After the 
non-energizalion time t is corrected in this manr^r 
in step S64K. the flow returns to the main routine. 

In addition to an overshoot or undershoot state 



in the first stop control, an overshoot or undershoot 
state may occur under various conditions based on 
arbitrary stop control. When such an overshoot or 
undershoot state is detected, the first driving motor 

5 22A is energized by an energization time set in 
proportion to the overshoot or undershoot amount. 
That is. when the motor overshoots, the first driving 
motor 22A is energized by the set energization 
time to be rotated in a direction opposite to a 

70 rotational direction so far; when the motor under- 
shoots, the first driving motor 22A is energized by 
the set energization time to be rotated in the same 
direction as the rotational direction so far. 

In this manner, according to this embodiment 

75 even if an overshoot or undershoot state occurs, 
the position displacement can be reliably correct- 
ed, and a precise positioning state can be attained. 

When the correction operation takes too much 
time, or when an overshoot or undershoot state 

20 beyond the correctable range occurs, the first driv- 
ing motor 22A is kept driven after the stop con- 
dition is logically satisfied. Therefore, the first fail 
judgment is made. 

In the select switch 32 of this embodiment, an 

25 indication inhibitor signal is output while the first 
slide brush 32f passes an indication inhibitor con- 
tact having a predetermined width in the indication 
inhibitor switch 32a, and they are in contact with 
each other, and a travel range set in the automatic 

30 transmission mechanism 12 is indicated by the 
indicator 96 while the inhibitor signal is output. In 
the control inhibitor switch 32b, a control inhibitor 
signal is output while the second slide brush 32g 
passes a control inhibitor contact having a pre- 

55 determined width, and they are in contact with 
each other. When the control inhibitor signal is 
output, constant velocity control of the first driving 
motor 22A by current feedback is stopped, and a 
braking operation by a reverse current is started. 

40 thereby controlling a final velocity V of the first 
driving motor 22A. 

As a result, as shown in Rg. 2D, in the select 
switch 32 of the automatic transmission mechanism 
12, a detent recess portion corresponding to a 

45 travel range set by the operation switch 18 ap- 
proaches the ball 321. and after the first and second 
slide brushes 32f and 32g are brought into contact 
with the edge portion of the predetermined zone E 
for defining this travel range, the first slide brush 

50 32f is brought into contact with the corresponding 
terminal of the indication inhibitor switch 32a to 
output the indication inhibitor signal first, so that 
the indicator 96 is caused to indicate a travel range 
to be set. Thereafter, the brush enters a corre- 

55 spending hydraulic pressure generation region of 
the hydraulic valve 16, and the hydraulic valve 16 
is caused to generate a predetermined hydraulic 
pressure necessary for switching the set travel 
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range. Finally, the second slide brush 32g is 
brought into contact with a corresponding terminal 
of the control inhibitor switch 32b to output the 
control inhibitor signal, thus starting a braking op- 
eration of the first driving motor 22A. 

When the control inhibit signal is output finally, 
the ball 32i does not enter the receiving zone in the 
detent recess portion. The braking operation of the 
first driving motor is started in accordance with the 
output control inhibitor signal, and the pivotal 
movement of the switching member 32e having the 
detent recess portion is stopped just when the ball 
32i fits in this detent recess portion. More specifi- 
cally, according to this embodiment, a travel range 
in the automatic transmission mechanism 12 can 
be precisely switched to a travel range finally set 
by the operation switch 18. 

As a result, according to this embodiment, 
when a travel range set by the operation switch 18 
is set in the automatic transmission mechanism 12, 
the final stop position of the switching member 32e 
in the select switch 32 need not be detected, and 
is defined by the detent recess portion. Therefore, 
the stop position control can be easily performed. 
In this manner, according to this embodiment the 
pivot position of the switching member 32e need 
not be sequentially detected by, e,g.. a potentiom« 
eter to precisely recognize a braking start position 
or a final stop position. Since the hydraulic pres- 
sure generation region is set prior to an output of 
the control inhibitor signal, the travel range switch- 
ing operation can be reliably executed. In the se- 
lect switch 32, the indication inhibitor signal is 
output first when the ball 32i is brought to a forma- 
tion range of the detent recess portion correspond- 
ing to the finally set travel range, and the indicator 
indicates the finally set travel range. In this manner, 
when a driver operates the operation switch 18 to 
set a new travel range, the new travel range can be 
quickly indicated by the indicator 96, thus attaining 
proper indication. 

Assuming that a distance from an origin of a 
potentiometer when the inhibitor slide terminal be- 
gins to contact the inhibitor contact is represented 
by Li , a distance from the origin of the potentiom- 
eter when the inhibitor slide terminal is about to be 
disengaged from the inhibitor contact is represent- 
ed by U, and a distance from the origin of the 
potentiometer to a stop position for defining each 
travel range in the select switch 32 is represented 
by Lo, this distance Lo is corrected and set every 
time the inhibitor slide terminal passes each inhibi- 
tor contact so as to satisfy: 

Lo 5 



As a result, even when a relative position be- 
tween the first driving motor 22A and the poten- 
tiometer is changed, a stop position for defining 
each travel range is always calculated and up- 
5 dated, thus attaining a precise positioning opera- 
tion. 

In the CPU of this embodiment, when the op- 
eration switch 18 begins to be operated, and is 
operated in the reverse direction In a state wherein 

10 the travel range set by the operation switch 18 is 
separated from the travel range in the automatic 
transmission mechanism 12, i.e.. the travel range 
based on the inhibitor signal from the select switch 
32 by one or more range, more specifically, when 

T5 a second output *2 goes from "L" level to "H" 
level and then, a first output *i goes from "L" level 
to "H" level in a state wherein it is determined that 
the operation switch 18 is operated in the forward 
direction since it is detected that the second output 

20 ^2 goes from "L" level to "H" level after the first 
output *i goes from "L" level to "H" level, the 
reverse operation of the operation switch 18 is 
detected. 

When the reverse operation of the operation 

25 switch 1 8 is detected, the CPU temporarily ignores 
this reverse detection, and maintains the present 
driving direction of the first driving motor 22A with- 
out reversing tt When the travel range set by the 
operation switch 18 exceeds the travel range de- 

30 fined based on the inhibitor signal output from the 
select switch 32. i.e., when the operation position of 
the operation switch 18 crosses the operation posi- 
tion in the automatic transmission mechanism 12 
and passes to the opposite side, the CPU drives 

36 the first driving motor 22A in the reversed direction 
based on the above-mentioned reverse instruction. 

Wrtii this arrangement, it can be reliably pre- 
vented that the travel range position in the auto- 
matic transmission mechanism 12 is set to exceed 

40 that set by the operation switch 18, and a good 
control state can be maintained. 

The first interrupt routine during execution of 
the above-mentioned . main routine will be de- 
scribed below with reference to Fig. 26. The first 

45 intoniipt routine is executed every time pulse sig- 
nals are input to the first interrupt terminals INTi of 
tiie first and second CPUs 30A and 30B in Rg. 
17A. 

More specifically, when the operation switch 18 
50 is operated, and is moved in a direction to be away 
from the presentiy set travel range, two "L"-level 
states occur in an output (to be simply referred to 
as a first output hereinafter) $i from the first output 
terminal 104 or an output (to be simply referred to 
55 as a second output hereinafter) *2 from tiie second 
OR gate 114 regardless of the operation direction 
(fonward or reverse direction) of the operation 
switch 18. More specifically, every time the "L*- 
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level state occurs, a pulse signal is output from the 
first OR gate 112. and when the operation switch 
18 is switched from the presently set travel range 
position, the first interrupt routine is started a total 
of twice. 

In the first interrupt routine for the first time, in 
step SI 40, an "H"-level signal is output to the 
control terminal of the multiplexer MUX. so that the 
output from the first output terminal 104 and the 
output from the second OR gate 114 are input to 
the input port. In step Si 42. the first and second 
outputs ^1 and #2 are read. 

Thereafter, in step Si 44. it is checked based 
on the read results in step SI 42 if both the first 
and second outputs *i and *2 are at "L" level. 
N/Vhen the first pulse signal is input to the first 
interrupt terminal INT1 . one of the first and second 
outputs *t and ^2 goes to "L" level, but the other 
is kept at "H" level. Thus. NO is determined in 
step SI 44. 

In step SI 46. a first timer Ti of the real-time 
counter RTC is started. An allowable time ti from 
when one of the first and second outputs ^1 and 
^2 goes to "L" level until both the outputs go to 
"L" level is preset in the first timer Ti . When the 
time ti has passed, the first timer Ti outputs a 
time-up signal to the CPU. and upon reception of 
this time-up signal, the CPU interrupts this routine 
and executes the third fail-safe routine, as will be 
described later. In step Si 48. a flag F (monitor) 
indicating that the operation switch 18 is present in 
the above-mentioned monitor range is set, and the 
flow returns to the main routine. 

In the first interrupt routine for the first time, a 
start point of the monitor range is defined, and the 
first timer Ti starts to count a time during which a 
state wherein one of the outputs *i and ^2 of the 
operation switch 18 is kept at "H" level is main- 
tained as the third fail judgment operation. 

When the operation switch 18 is further op- 
erated and is moved in a direction to be com- 
pletely away from the presently set travel range, 
the second "L"-ievel state occurs in the first or 
second output *i or #2 regardless of its operation 
(forward or reverse) direction. At this time, the 
second pulse signal is output from the first OR 
gate 112, and the first intenrupt routine is started 
again, i.e., for the second time. 

In the first interrupt routine for the second time, 
in step SI 40, an "H^-level signal is output to the 
control terminal of the multiplexer MUX, and in step 
SI 42. the first and second outputs *i and ^2 are 
read in the same manner as In the first time. In 
step SI 44. it is checked based on the read results 
in step SI 42 if both the first and second outputs *i 
and *2 are at "L" level. When the second pulse 
signal is input to the first interrupt terminal INT^. 
Since both the first and second outputs and <^2 



go to "L" level. YES is determined in step Si 44. 

Since one of the outputs *t and *2 of the 
operation switch 18 has already gone from an "H"- 
level state to an "L"-level state, the first timer Ti of 
5 the real-time counter RTC is reset in step Si 50 so 
as not to execute the third fail judgment. That is, 
when the first timer Ti is reset, the first timer Ti 
stops a time-count operation, and is reset to an 
initial state. 

10 Thereafter, in step SI 52. a second timer T2 of 

the real-time counter RTC is started. An allowable 
time t2during which a state wherein both the first 
and second outputs *i and *2 are kept at "L" level 
is maintained when the operation switch 18 is op- 
ts erated is preset in the second timer T2. When the 
time t2 has passed, the second timer T2 outputs a 
time-up signal to the CPU, and upon reception of 
this time-up signal, the CPU intemjpts this routine 
and executes the fourth fail-safe routine, as will be 

20 described later, in this manner, after the second 
timer T2 is started in step SI 52. the flow returns to 
the main routine. 

More specifically, in the first interrupt routine 
for the second time, the first timer Ti is reset to 

25 stop counting a time for maintaining a state 
wherein one of the outputs ^1 and ^2 of the 
operation switch 18 is kept at "H" level, and the 
second timer T2 starts counting a time for main- 
taining a state wherein both the outputs ^1 and ^2 

30 of the operation switch 18 are kept at "L" level as 
the fourth fail judgment operation. 

The second interrupt routine during execution 
of the above-mentioned main routine of the first 
CPU 30A will be described below with reference to 

35 Rg. 27. The second interrupt routine interrupts the 
main routine and is executed every time a pulse 
signal is input to the second interrupt terminal INT2 
shown in Fig. 17A. 

More specifically, when the operation switch 1 8 

40 is operated to be moved In a direction to be away 
from the presently set travel range, and is about to 
enter the adjacent travel range, two "H "-level 
states occur in the output *i from the first output 
terminal 104 or the output *2 from the second OR 

45 gate 114 regardless of the operation (forward or 
reverse) direction of the switch 18. Every time an 
"H"-level state occurs, a pulse signal is output 
from the third OR gate 120. More specifically, 
when the operation switch 18 is switched from the 

50 presently set travel range to the adjacent travel 
range, the second interrupt routine is executed a 
total of twice. 

In the second interrupt routine for the first time, 
in step Si 60, an "H"-level signal is output to the 

55 control terminal of the multiplexer MUX, so that the 
first and second outputs and 4»2 are input to the 
input port. In step Si 62. the first and second out- 
puts 4>« and ^2 are read. 

35 
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In step S1 64, an output change state is judged. 
The output change state includes three modes, i.e., 
a first change mode wherein the first output #i is 
at "H" level and the second output *2 is at "L" 
level, a second change mode wherein the first 
output ^1 is at "L" level and the second output #2 
is at "H" level, and a third change mode wherein 
both the outputs *i and #2 are at "H" level. 
However, since this second interrupt routine is ex- 
ecuted for the first time, only the first and second 
change modes can theoretically occur. If the first 
change mode is determined in step S164. this 
means that the operation direction of the operation 
switch 18 is determined as a forward direction 
when the Interrupt routine for the second time is 
started. Therefore, in step SI 66, a flag (T forward) 
for preliminarily defining the forward direction Is 
set 

Thereafter, the second timer T2 is reset in step 
S168. That is. since the second interrupt routine is 
started, this means that at least one of the outputs 
#1 and *2 goes to "H" level, and the second timer 
T2 for counting a time during which both the out- 
puts #1 and #2 are at "L** level is reset to inhibit 
the fourth fail judgment operation. More specifi- 
cally, when the second timer T2 is reset, it stops a 
time-count operation, and Is reset to an initial state. 
In step S170, a third timer T3 of the real-time 
counter RTC is started. 

An allowable time ta from when one of the first 
and second outputs ^1 and ^2 goes to "H" level 
until botti the outputs go to "H" level is preset in 
the third timer T3. Note that when the time ts has 
passed, the third timer T3 outputs a time-up signal 
to the CPU. and upon reception of this time-up 
signal, the CPU interrupts this routine and executes 
the fifth fall-safe routine, as will be described later. 
After the third timer Ta is started in step SI 70, the 
flow returns to the main routine. 

On the other hand, if the second change mode 
is determined in step S164. this means that the 
operation direction of the operation switch 18 is 
determined as a reverse direction when the inter- 
rupt routine for the second time is started. In step 
S172. a flag F (T reverse) for preliminarily defining 
the reverse direction is set. and the flow jumps to 
stf 8168 described above. Steps SI 68 and SI 70 
are sequentially executed, and then, the flow re- 
turns to the main routine. 

In this manner, in the second interrupt routine 
for the first time, the third timer T3 starts counting 
a time for maintaining a state wherein one of the 
outputs ^1 and ^2 of the operation switch 18 is at 
"L" level as the fifth fail judgment operation. 

When the operation switch 18 is further op- 
erated and Is moved in a direction to perfectly 
enter the next travel range, the second "H "-level 
state occurs m the first or second output or *2 



regardless of its operation (forward or reverse) di- 
rection. At this time, the third OR gate 120 outputs 
the second pulse signal, and the second interrupt 
routine is started again, i.e., for the second time. 

5 In the second interrupt routine for the second 

time, steps SI 60 and SI 62 are sequentially ex- 
ecuted in the same manner as in the first time, and 
in step S164, the third change mode is determined, 
i.e., it is judged that both the outputs *i and ^2 go 

70 to "H" level. Since establishment of this judgment 
means that the operation switch 18 escapes from 
the above-mentioned monitor range, the flag F 
(monitor) for defining the monitor range is reset in 
step SI 74. In step S176, whether the operation 

IS switch 18 is operated in the forward or reverse 
direction is determined. 

More spacifically, if the third change mode is 
determined in step S164 In a state wherein the 
preliminary flag F (T forward) is set in the second 

20 interrupt routine for the first time, it is determined 
in step SI 76 that the operation switch 18 is op- 
erated in the forward direction. In step SI 78, the 
flag F (forward) indicating that the operation switch 
18 is operated in the forward direction is set and in 

25 step SI 80. the flag F (reverse) indicating the re- 
verse direction is reset. In addition, in step SI 82. 
the preliminary flag F (T forward) is reset 

Thereafter, since it is recognized in step Si 64 
that both the outputs O1 and ^2 go to "H" level, the 

30 third timer T3 of the real-time counter RTC is reset 
in step Si 84 to inhibit the fiftti fail judgment That 
is. when the third timer T3 is reset it stops a time- 
count operation, and is reset to an inrtial state. After 
the third timer T3 is reset in step SI 84, the flow 

35 returns to the main routine. 

On the other hand, If the third change mode is 
determined in step SI 64 in a state wherein the 
preliminary flag F (T reverse) is set in the second 
intenrupt routine for the first time, it is determined 

40 in step SI 76 described above that the operation 
switch 18 is operated in the reverse direction. In 
step SI 86, the flag F (reverse) indicating that the 
operation switch 18 is operated in the reverse 
direction is set and in step SI 88. tiie flag F 

45 (forward) indicating the forward direction is reset In 
addition, in step S190, the preliminary flag F (T 
reverse) is reset. 

Thereafter, the flow jumps to step SI 84 de- 
scribed above, and the third timer T3 of the real- 

50 time counter RTC is reset. After the third timer T3 
is reset in this manner, the flow retums to the main 
routine. 

In this manner, in the second interrupt routine 
for the second time, the third timer T3 is reset to 
55 stop counting a time for maintaining a state 
wherein one of the outputs ^1 and ^2 of the 
operation switch 18 is at "L" level, and whether the 
operation switch 18 is operated in the forward or 
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reverse direction is defined. As a result, as lias 
been described above in step S82 in the main 
routine, even if the final target po.sition (travel 
range) upon operation of the operation switch 1 8 is 
unknown, since at least the operation direction of 
the operation switch 18 Is determined, the following 
control is executed while the target travel range 
position is unknown. That is. the first driving motor 
22A is started in accordance with the operation 
direction of the operation switch 18. thus starting 
the travel range switching operation in the auto- 
matic transmission mechanism 12. 

As a result, in this embodiment, even when the 
operation switch 18 is quickly operated, the travel 
range switching operation in the automatic trans- 
mission mechanism 12 is started to follow this 
quick operation. Thus, the actual travel range 
switching operation in the automatic transmission 
mechanism 12 which satisfactorily responds to the 
travel range switching operation by the driver can 
be realized. 

The first fail judgment subroutine in step S66 
described in tne above-mentioned main routine of 
the first CPU 30A will be described below with 
reference to Fig. 28- 

In this first fail judgment, even when a time t* 
which sufficiently makes an allowance for a time 
required for converging a vibration state when the 
motor is stopped after the stop state of the first 
driving motor 22A is logically attained, and a time 
required for mechanically correcting an allowable 
overshoot or undershoot by the above-mentioned 
detent mechanism is set. if the first driving motor 
22A is kept driven to exceed the setting time t4, an 
abnormal state is determined, and fail judgment is 
executed. 

More specifically, when execution of learning 
control in step S64 is completed in the main rou- 
tine, as shown in Fig. 28. it is checked in step 
S66A if a flag F (stop) indicating that a stop state 
occurs Is set. When step S66A is judged for the 
first time, since this flag F (stop) is not set in 
advance. NO is determined. In step S66B. this flag 
F (stop) is set, and a fourth timer T4 of the real- 
time counter RTC is started in step S66C. 

The above-mentioned predetermined time t* Is 
preset in the fourth timer T4. When the time t* has 
passed, the fourth timer T* outputs a time-up sig- 
nal to the first CPU 30A, and upon reception of this 
time-up signal, the first CPU 30A Interrupts the 
executing routine, and executes the first fail-safe 
routine, as will be described later. After the fourth 
timer T* is started in step S66C in this manner, the 
flow returns to the main routine. 

When the first fail judgment subroutine is ex- 
ecuted for the second time and thereafter, since 
the flag F (stop) is set in step S66B in the first 
subroutine. YES is determined in step S66A. if YES 



in stbp S66A. it is checked in step S66D if the first 
driving motor 22A is kept operated. This judgment 
is performed by detecting an output from the en- 
coder 36A attached to the first driving motor 22A. 

5 If YES in step S66D, i.e., if it is determined that 

the first driving motor 22A is kept operated, the 
flow returns to the main routine without resetting 
the fourth timer T4. However, if NO in step S66D, 
i.e.. if it is determined that the driving operation of 

70 the first driving motor 22A is stopped, the fourth 
timer T* is reset in step S66E to stop the first fall 
judgment. More specifically, when the fourth timer 
T4 is reset, it stops a time-count operation, and is 
reset to an initial state. After the fourth timer T4 is 

IS reset in step S66E, the flow returns to the main 
routine. 

Since the first fail judgment subroutine is con- 
stituted in this manner, if the first driving motor 22A 
is kept operated to exceed the setting time t4 

20 described above, i.e.. if step S66E is not executed, 
the time-up signal is output from the fourth timer 
T4 to the first CPU 30A. and the first CPU 30A 
determines a failed state. 

The second fail judgment subroutine in step 

25 S88 described in the above-mentioned main rou- 
tine will be described below with reference to Fig. 
29. 

In this second fail judgment, when the opera- 
tion direction of the operation switch 18 determined 

30 In the operation direction determination routine in 
the second interrupt routine does not coincide with 
the actual driving direction of the first driving motor 
22A, it is determined that an abnormal state oc- 
curs, and fail judgment is executed. 

35 More specifically, when step S84 or S86 is 

executed in the above-mentioned main routine, in 
step S88A, an output state of the encoder 36A of 
the first driving motor 22A is read, and the rota- 
tional direction of the first driving motor 22A is 

40 judged on the basis of the read output from the 
encoder 36A in step S88B. If it is determined in 
step S88C that the rotational direction of the first 
driving motor 22A is the forward direction, it Is 
checked in step S88D if the flag F (forward) in- 

45 dicating that the operation direction of the operation 
switch 18 is the forward direction is set. 

If YES In step S88D. i.e.. if it is determined that 
both the rotational direction of the first driving mo- 
tor 22A and the operation direction of the operation 

50 switch 18 are forward directions, since there is no 
problem, the flow returns to the main routine. How- 
ever, if NO in step S88D, i.e.. if it is determined 
that the rotational direction of the first driving motor 
22A Is the forward direction but the operation direc- 

55 tion of the operation switch 18 is the reverse direc- 
tion, and the two directions do not coincide with 
each other, it is determined that an abnormal state 
occurs. In step S88E. the second tail-safe operation 
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is executed, and a warning operation is executed to 
inform to a driver that a failed state occurs and a 
fail-safe operation is. under execution based on this 
failed state. The flow then returns to the main 
routine. 

On the other hand, if it is determined in step 
S88C that the rotational direction of the first driving 
motor 22A is the reverse direction, it is checked in 
step S88F if the flag F (reverse) indicating that the 
operation direction of the operation switch 18 is the 
reverse direction is set. 

If YES In step S88F, I.e., if it is detemnined that 
both the rotational direction of the first driving mo- 
tor 22A and the operation direction of the operation 
switch 18 are reverse directions, since there is no 
problem, the flow returns to the main routine. How- 
ever, if NO in step S88F, if it is determined that the 
rotational direction of the first driving motor 22A is 
the reverse direction but the operation direction of 
the operation switch 18 is the forward direction, 
and the two directions do not coincide with each 
other, it is determined that an abnormal state oc- 
curs. The flow jumps to step S88E to execute the 
fail-safe operation, and the flow retums to the main 
routine. 

The first and third to fifth fail-safe control oper- 
ations will be described below with reference to 
Figs. 30 to 33. 

As has been described above in the first inter- 
rupt routine with reference to Fig. 26. when the 
operation switch 18 is operated to switch the pres- 
ently set travel range, a state wherein both the first 
and second outputs *i and *2 are at "H" level 
must transit to a state wherein one of these outputs 
is at "L" level. When the first timer Ti is not reset 
after one of the outputs *i and goes to "L" 
level and the predetermined time ti has passed, 
i.e.. when the operation switch 18 is held at an 
unstable position where one of the outputs $i and 
*2 goes to "L" level for the predetermined time ti 
or longer, this means that an abnormal operation is 
performed, or an output state is abnormal, and the 
third failed state occurs. 

Therefore, when the predetermined time ti has 
passed, the first timer Ti outputs a time-up signal 
to the first CPU 30A. and the first CPU 30A starts 
the first timer interrupt routine upon reception of 
this time-up signal. In this first timer interrupt rou- 
tine, as shown In Fig. 30, In step S200. the fail-safe 
operation is executed, and in step S202, a warning 
operation is executed, tiiereby Informing to the 
driver that the failed state occurs, and the fail-safe 
operation is bemg executed on the basis of this 
failed state. The flow then retums to the main 
routine. 

On the other hand, as has been described 
above in the first and second interrupt routines with 
reference to Figs. 26 and 27, a state wherein both 



the first and second outputs ^i and #2 are at "L" 
level must occur before the operation switch 18 Is 
operated and is switched to the travel range to be 
set. However, when the second timer T2 cannot be 

5 reset after both the outputs #1 and *2 go to "L" 
level and the predetermined time ta has passed, 
i.e., when the operation switch 18 Is held at an 
unstable position where both the outputs and #2 
go to "L" level for the predetermined time t2 or 

70 longer, this means that an abnormal operation is 
performed, or an output state is abnormal, and the 
fourth failed state occurs. 

Therefore, when the predetermined time tz has 
passed, the second timer T2 outputs a time-up 

IS signal to the first CPU 30A, and the tirst CPU 30A 
starts the second timer interrupt routine upon re- 
ception of this time-up signal. In this second timer 
interrupt routine, as shown in Rg. 31, in step S210. 
the fail-safe operation Is executed, and in step 

20 S212. a warning operation is executed, thereby 
informing to the driver that the failed state occurs, 
and the fail-safe operation is being executed on the 
basis of this failed state. The flow then returns to 
the main routine. 

25 As has been described above in the second 

interrupt routine with reference to Rg. 27. when the 
operation switch 18 is operated to switch the pres- 
entiy set travel range to the next tiravel range, a 
state wherein both the first and second outputs ^1 

30 and '^2 are at "L" level must transit to a state 
wherein one of these outputs is at "H" level. When 
the third timer T3 is not reset after one of the 
outputs #1 and #2 goes to "H" level and the 
predetermined time U has passed, i.e.. when the 

35 operation switch 18 is held at an unstable position 
where one of the outputs *i and ^2 goes to "H" 
level for the predetermined time ta or longer, this 
means that an abnormal operation is performed, or 
an output state is abnormal, and the fifth failed 

40 state occurs. 

Therefore, when the predetermined time X3 has 
passed, the third timer T3 outputs a time-up signal 
to the first CPU 30A, and the first CPU 30A starts 
the third timer interrupt routine upon reception of 

45 this time-up signal. In this third timer interrupt 
routine, as shown in Rg. 32, in step S220, the fail- 
safe operation is executed, and in step S222, a 
warning operation is executed, thereby informing to 
tiie driver that the failed state occurs, and the fail- 
so safe operation is being executed on the basis of 
this failed state. The flow then returns to the main 
routine. 

Note that a total value of the predetermined 
times ti. t2. and t3 respectively set in the first to 
55 third timers Ti. T2. and T3 is defined as an allowa- 
ble maximum time when the operation switch 18 
passes the monitor range. That is. when the opera- 
tion switch 18 stays in the monitor range for a long 
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period of time, this means that a target travel range 
to be set by the operation switch 18 is unknown for 
a long period of time. As a result, as described 
above, the travel range of the automatic transmis- 
sion mechanism 12 is temporarily set at the imme- 
diately preceding travel range position of the op- 
eration switch 18. However, since the travel range 
temporarily set in the automatic transmission 
mechanism 12 never be one to be set by the 
driver, such a travel range setup state which is not 
intended by the driver should be avoided as much 
as possible although it is temporary. From this 
point of view, a total value of the predetermined 
times ti, t2. and ta is limited to a predetermined 
value. 

As has been described above with reference to 
Fig. 28, after the stop condition of the first driving 
motor 22 A Is logically established, when the fourth 
timer cannot be reset and the predetermined 
time t4. has passed, i.e., when the first driving 
motor 22A is kept operated to exceed the predeter- 
mined time t* although it has been stopped logi- 
cally, this means that the first failed state occurs. 

Therefore, when the predetermined time t* has 
passed, the foui . : timer T* outputs a time-up sig- 
nal to the first CPU 30A. and the first CPU 30A 
starts the fourth timer interrupt routine upon recep- 
tion of this time-up signal. In this fourth timer 
interrupt routine, as shown in Fig. 33. in step S230, 
the fail-safe operation is executed, and in step 
S232. a warning operation is executed, thereby 
informing to the driver that the failed state occurs, 
and the fail-safe operation is being executed on the 
basis of this failed state. The flow then returns to 
the main routine. 

Note that in this embodiment, the above-men- 
tioned first to fifth fail-safe operations are attained 
by cutting a power supply to the first driving motor 
22A. After the fail-safe operation is executed in this 
manner, when the driver wants to cancel the fail- 
safe state and to travel the vehicle again, he or she 
turns off the Ignition switch, and then turns it on 
again. Thus, the first CPU 30A is reset to an initial 
state, and the fail-safe state can be automatically 
canceled. 

When the driver drives the vehicle in this reset 
state, and operates the operation switch 18 to 
execute the travel range switching operation, if the 
fail-safe operation is executed again, the travel 
range switching operation via the operation switch 
18 can no longer be performed. In this case, the lid 
member 54a arranged on the cowl panel lower 54 
is removed to expose the manual driving mecha- 
nism 38. the switching lever 50 is pivoted from the 
control position to the disengaging position to dis- 
engage the clutch mechanism 34. and the wrench 
48 is fitted in the fitting hole 40a of the pivot disc 
40. so that the pivot disc 40 is pivoted through the 



wrench 48. thereby setting an arbitrary travel 
range. Thus, the travel range in the automatic 
transmission mechanism 12 can be manually 
switched. 

5 The present invention is not limited to the 

arrangement of the above-mentioned embodiment, 
and various changes and modifications may be 
made within the spirit and scope of the invention. 
For example, in the above embodiment, when 

10 an engine output is decreased in the degeneration 
control shown in step 898 in Rg. 20A. in the case 
of, e.g.. a fuel injection type engine, a fuel injection 
amount Is decreased, or a fuel injection time is 
shortened. However, the present Invention is not 

75 limited to this arrangement. For example, in an 
engine for electrically controlling a throttle valve, 
sensitivity of a degree of opening of the throttle 
valve in response to a depression amount of an 
accelerator pedal may be decreased, or an upper- 

20 limit value may be limited to, e.g., half a maximum 
value. That is, in step S96, the engine output need 
only be decreased to limit a maximum velocity of a 
vehicle regardless of a type of engine and its 
execution method. 

25 The expected effect can be attained even if the 
degeneration control does not include the operation 
for decreasing the engine output. 

In the degeneration control, travel ranges to be 
set by the operation switch 18 are limited to three 

30 ranges, i.e., the forward drive range "D", the neu- 
tral range "N", and the reverse range "R". How- 
ever, the present invention is not limited to this. For 
example, a travel range may be forcibly fixed to 
the forward Ist-speed range "1". In this case, the 

35 operation for decreasing the engine output de- 
scribed above must be performed to prevent over- 
revolution of the engine. 

In the above embodiment, the triple control 
systems of the control unit comprise the first CPU 

40 30A for controlling the first driving motor 22A. the 
second CPU 30B for controlling the second driving 
motor 22B. and the third CPU 30G for managing 
the first and second CPUs 30A and 30B. However, 
the present invention is not limited to this arrange- 
rs ment For example, the same three CPUs may be 
arranged, and if one of the contents output from 
these CPUs does not coincide with the remaining 
two contents, a driving motor may be controlled 
based on the coinciding contents of the two CPUs. 

50 In the above embodiment, the control unit com- 

prises the triple control systems. The control unit 
need only comprise at least double control sys- 
tems. That is, it is important to provide an arrange- 
ment wherein when one CPU system-fails, the oth- 

55 er CPU can control a driving system. 

In the above arrangement, as a control se- 
quence for judging a system failed state, a signal 
waveform of a system fail judgment signal output 
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from another CPU is monitored, and when this 
signal waveform is different from a predetermined 
waveform beyond an allowable range, is deter- 
mined that a system failed state occurs in the other 
CPU. However, the present invention is not limited 
to this arrangement For example, a system fall 
judgment signal of predetermined logic level may 
be output to another CPU. and when a signal 
having logic level opposite to the output logic level 
Is sent back from the other CPU, it may be deter- 
mined that the other CPU is normal. If a signal 
having different level is sent back, it may be deter- 
mined that the other CPU system-fails. 

As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is 
to be understood that the invention is not limited to 
the specific embodiments thereof except as de- 
fined in tiie appended claims. 

Claims 

1. An operation apparatus for a vehicle automatic 
transmission mechanism, which comprises: 

first and second actuators (22A, 22B), con- 
nected in parallel with a hydraulic valve (16), 
for driving said hydraulic valve (16) to switch a 
travel range of an automatic transmission 
mechanism (12); 

control means (30) for controlling said first 
and second actuators (22A, 22B): and 

transmission operation means (10) for out- 
putting a range signal indicating a presently 
set travel range to said control means (30), 
said transmission operation means (10) includ- 
ing a stroke contact type operation switch (18) 
on which travel ranges to be set are sequen- 
tially aligned along a predetermined path. 

charactenzed in that 

said control means (30) includes: 

a first control unit (30A). connected to said 
first actuator (22A), for controlling a driving 
operation of said first actuator; 

a second control unit (306). connected to 
said second actuator (22B), for controlling a 
driving operation of said second actuator; and 

a third control unit (30C). connected to 
said first and second control units (30A. 308). 
for setting, in a driving state, one of said first 
and second actuators (22A, 228) connected to 
one of said first and second control units (30A. 
308). which unit serves as a main unit, for 
monitoring system failed states of said ftrst 
and second control units, for, when said third 
control unit determines that a system failed 
state occurs, inhibiting the driving operation of 
the actuator (22A. 22B) connected to the 
system-failed control unit, and for permitting 



the driving operation of the actuator (22A. 22B) 
connected to the control unit which does not 
suffer from the system failed state. 

5 2. The operation apparatus according to claim 1 . 
characterized in that 

said first and second control units (30A, 
30B) have the same control sequence. 

10 3. The operation apparatus according to claim 1, 
characterized in that 

said first and second control units (30A, 
30B) monitor a system failed state of said third 
control unit (30C), and inhibits a control opera- 

15 tion of said third control unit (30C) when it is 

determined that said third control unit system- 
fails. 

4. The operation apparatus according to claim 3. 
20 characterized in that 

the control operation of said third control 
unit (30C) is inhibited only when both said first 
and second control units (30A, 308) determine 
that said third control unit (30C) system-fails. 

25 

5. The operation apparatus according to claim 1 . 
characterized in that 

when each of said first to third control 
units (30A. 30B, 30C) determines that the other 
30 control unit system-fails, the control unit which 

detects the system failed state informs to a 
driver that the system failed state occurs. 

6. The operation apparatus according to claim 1 . 
35 characterized in that 

said third control unit (30C) sets both said 
first and second actuators (22A. 22B) in a 
driving state when it determines that a travel 
range set in said automatic transmission 
40 mechanism (12) is a parking range (P). 

7. The operation apparatus according to claim 1, 
characterized in that 

said first and second actuators (22A. 22B) 
45 are connected to said hydraulic valve (16) via a 

planetary gear mechanism (23). 

8. The operation apparatus according to claim 7. 
characterized in that 

50 said first actuator (22A) is connected to a 

planet carrier (23d) of said planetary gear 
mechanism (23) to rotate said planet carrier 
{23d). 

said second actuator (22B) is connected to 
55 a sun gear (23a) of said planetary gear mecha- 

nism (23) to rotate said sun gear (23a). and 

an internal gear (23b) of said planetary 
gear mechanism (23) is connected to said hy- 
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drauiic valve (16). 

The operation apparatus according to claim 8, 
characterized in that 

said first actuator (22A) is connected to 
said planet carrier (23d) via a rack & pinion 
mechanism (23f, 23g), and 

said second actuator (22B) is connected to 
said sun gear (23a) via another racl< & pinion 
mechanism. 



trot units executing the same control sequence, 
and when an output from one control unit is 
different from outputs from the remaining con- 
trol units, said actuator (22A. 22B) being driven 
by the outputs from the remaining actuators. 



10 



10. An operation apparatus for a vehicle automatic 
transmission mechanism, which comprises: 

a pair of actuators (22A. 22B), connected 
in parallel with a hydraulic valve (16). for driv- is 
ing said hydraulic valve (16) to switch a travel 
range of an automatic transmission mechanism 
(12); 

control means (30) for controlling said pair 
of actuators (22A, 22B): and 20 

transmission operation means (10) for out- 
putting a range signal indicating a presently 
set travel range to said control means (30). 
said transmission operation means (10) includ- 
ing a stroke contact type operation switch (18) 25 
on which travel ranges to be set are sequen- 
tially aligned along a predetermined path. 

characterized in that 

said control means (30) includes a pair of 
control units (30A, 30B). one control unit (30A 30 
or 30B) controlling a driving operation of said 
hydraulic valve (16) via the corresponding ac- 
tuator (22A or 22B). each control unit monitor- 
ing a system failed state of the other control 
unit, and when one control unit determines that 3S 
the other control unit system-fails, said one 
control unit inhibiting the driving operation of 
the actuator (22A or 22B) connected to the 
system-failed control unit, and executing a 
control operation. ^ 

11. An operation apparatus for a vehicle automatic 
transmission mechanism, which comprises: 

an actuator (22A, 22B) for driving a hy- 
draulic valve (16) to switch a travel range of an 45 
automatic transmission mechanism (12); 

control means (30) for controlling said ac- 
tuator (22A, 22B); and 

transmission operation means (10) for out- 
putting a range signal indicating a presently so 
set travel range to said control means (30), 
said transmission operation means (10) includ- 
ing a stroke contact type operation switch (18) 
on which travel ranges to be set are sequen- 
tially aligned along a predetermined path, ss 

characterized in that 

said control means (30) comprises at least 
three control units (30A, 30B. 30C). said con- 
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